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USING MICROBIAL-SOURCE TRACKING TO INVESTIGATE SOURCES OF  
FECAL CONTAMINATION IN THE SOUTH FORK LITTLE RIVER BASIN, 
HOPKINSVILLE, KENTUCKY 
 
                    Angie Crain         Mac Cherry 
USGS Kentucky Water Science Center          USGS Kentucky Water Science Center 
9818 Bluegrass Parkway         2009 College Farm Road 
   Louisville, KY 40299             Murray, KY 42071 
       (502) 493-1943             (270) 759-2460 x11 
      ascrain@usgs.gov             macherry@usgs.gov 
 
Microbial-source tracking (MST) describes a suite of methods and is an investigative 
strategy that aims at identifying the dominant sources(s) of fecal contamination in 
resource waters, including recreational, drinking, and wildlife habitat waters. The 
underlying assumption of microbial-source tracking is that some characteristic associated 
with fecal matter from a particular source (“host species”) allows that type of fecal matter 
to be identified.  
 
South Fork Little River, located in Christian County, is a 303(d) listed stream that fails to 
meet water-quality standards for pathogens. Host-associated Baceroidales-based 16S 
ribosomal ribonucleic acid genetic markers are being investigated as a tool for providing 
information to resource managers on sources of bacterial impairment in the South Fork 
Little River.  Streamwater and bed-sediment samples are being collected and analyzed for 
concentrations of Escherichia coli (E. coli). Streamwater samples also are being collected 
and analyzed for Bacteroidales genetic markers (General AllBac, Human qHF183 and 
BacHum, Ruminant BoBac, Water fowl (GFD), and Canid BacCan) to identify humans, 
ruminants, avians, and canids as likely or unlikely major sources of fecal contamination. 
Fecal reference samples for each of the potential source groups, as well as from common 
species of wildlife are being collected in the same watershed and during the same time 
frame as water samples. In addition to microbial-source tracking, we are investigating the 
spatial and temporal variations of E. coli. This study is being conducted in cooperation 
with the Little River Water-Quality Consortium. 
                                                                       2
NOTES 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
 
3 
 
APPLICATION OF NITROGEN AND OXYGEN ISOTOPES IN TRACING 
NITRATE SOURCES IN THE SOUTH FORK LITTLE RIVER BASIN, 
HOPKINSVILLE, KENTUCKY 
 
                        Angie Crain              Mac Cherry 
USGS Kentucky Water Science Center          USGS Kentucky Water Science Center 
9818 Bluegrass Parkway         2009 College Farm Road 
                   Louisville, KY 40299                   Murray, KY 42071 
                       (502) 493-1943                                        (270) 759-2460 x11 
                         ascrain@usgs.gov      macherry@usgs.gov 
 
Nonpoint nitrogen sources are a leading cause of water quality impairments in the United 
States and are difficult to manage because of the diversity of nitrate sources in watersheds 
with mixed land use (Kaushal and others, 2011). In many cases, the origins of nonpoint 
sources of watershed nitrate enrichment are not clear because of mixing of different 
nitrate sources and spatial variability in inputs and transformations across variable 
hydrologic conditions. Dual nitrate stable isotopes (nitrogen and oxygen) in surface 
waters can provide meaningful insights into sources and transport processes of the 
nitrogen cycle that are difficult to obtain through more traditional measurements of solute 
concentration and flux. Studies have been successfully used to track the contributions of 
nitrate from wastewater, fertilizer, and atmospheric deposition to aquatic systems (Burns 
and others, 2009). The combination of nitrate stable isotopes, flux estimates, and routine 
water-quality monitoring may be useful for demonstrating the susceptibility of different 
nonpoint sources to contribute to stream nitrate loads in watersheds. 
 
Figure 1 shows the normal range of δ18O-NO3 and δ
15N-NO3 values for the dominant 
sources of nitrate. Nitrate derived from ammonium fertilizer, soil organic matter, and 
sewage/animal waste has overlapping δ18O-NO3 values; for these sources δ
15N-NO3 is 
better at distinguishing the source. In this study, we are applying the isotopic composition 
of NO3 (δ
15N-NO3 and δ
18O-NO3) to identify specific sources of nitrate and evaluate their 
distribution in the South Fork Little River Basin. Stream-water samples are being 
collected approximately monthly at many sites located on the mainstem of the South Fork 
Little River and several of its tributaries for 24 months from October 2012-2014. Samples 
are being collected over a range of flow conditions, and are being analyzed for 
concentrations of nitrate and isotopes. This study is being conducted in cooperation with 
the Little River Water-Quality Consortium. 
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Figure 1. Schematic of typical ranges of δO18 and δN15 values of nitrate from 
precipitation, synthetic nitrate fertilizers, ammonium fertilizers, soil, and sewage/animal 
waste. Arrow labeled “denitrification” illustrates the slope of the denitrification trend. 
Figure modified from Kendall, 1998.        
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2011, Tracking nonpoint source nitrogen pollution in human-impacted watersheds. 
Environ. Sci. Technol. v. 45, p. 8225-8232. 
Kendall, C., 1998, Tracing sources and cycling of nitrate in catchments. In: Isotope 
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KENTUCKY STREAMSTATS WATER-RESOURCES WEB APPLICATION: 
ENHANCEMENTS AND IMPLEMENTATION OF SELECTED LOW- AND MEAN-
FLOW ESTIMATING EQUATIONS 
 
Gary R. Martin 
U. S. Geological Survey 
9818 Bluegrass Parkway 
Louisville, KY 40299-1906 
502-493-1914 
grmartin@usgs.gov 
 
The U.S. Geological Survey (USGS) Kentucky Water Science Center, in cooperation 
with the Kentucky Division of Water, is expanding the capabilities of Kentucky 
StreamStats, an interactive web-based geographic information system (GIS) application 
that provides users with an assortment of analytical tools to facilitate water-resources 
management and hydrologic-design activities, which include obtaining estimates of 
selected streamflow statistics for gaged and ungaged stream sites in Kentucky. The 
project scope includes the implementation of 8 selected low- and mean-streamflow 
statistics previously estimated in statewide regionalizations of flow statistics in 
Kentucky, specifically 6 low-flow statistics including the 7Q2, 7Q10, 7Q20, 30Q2, 30Q5, 
and the probability of zero flow estimated in Martin and Arihood (2010);  the mean-
annual flow statistic, Qa, estimated in Martin (2002); and the harmonic-mean flow, Qh, 
estimated in Martin and Ruhl, (1993) as well as regional bankfull-flow relations for the 
Bluegrass Region developed by Brockman and others (2012).  
Regional regression equations, which were developed in these studies by statistically 
relating streamflow statistics for a group of stream sites (gages) in a region to measured 
physical and climatic characteristics of the group of gaged drainage basins, enable 
estimates of streamflow statistics to be made at stream sites where no hydrologic 
information is available (ungaged) by measuring appropriate basin characteristics and 
entering values into these regression equations.  The regression equations effectively 
transfer information from the gaged to the ungaged stream sites of similar hydrology in 
the region.  Natural, unregulated streamflow conditions are assumed when these 
regression equations are applied. The current Kentucky StreamStats implementation 
provides estimates of peak flow frequencies at ungaged stream sites in five of the seven 
flood regions in Kentucky.   
StreamStats, which has been developed nationally over more than 10 years in a 
cooperative effort between the USGS and ESRI, Inc., has automated the process for 
measurement of drainage-basin characteristics and obtaining estimates of streamflow 
statistics.  At USGS gages, StreamStats provides the user previously published 
information for the site.  At ungaged stream sites, StreamStats delineates the drainage 
basin boundary, measures basin characteristics, and estimates streamflow statistics for the 
site. Users also may identify stream reaches that are upstream or downstream from a 
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selected site and obtain information for locations along the streams where activities may 
affect streamflow conditions.  
 
StreamStats components include a map-based user interface for stream-site selection, a 
database that contains information for data-collection stations including USGS 
streamgages, GIS programs that delineate drainage basins and measure basin 
characteristics, a GIS database that contains land-elevation models and point and areal 
data layers needed for delineations, measuring basin characteristics, and locating sites of 
interest in the user interface, and the National Streamflow Statistics Program, which is 
used to solve applicable regression equations. 
 
Three base spatial-data layers that were originally integrated by use of the ArcHydro data 
model and toolset to build Kentucky StreamStats include the high-resolution 1:24:000-
scale National Hydrography Dataset (NHD), a 30-foot-grid spacing (on state plane 
coordinates) digital-elevation model (DEM) based on the National Elevation Dataset 
(NED), and a local 14-digit hydrologic-unit-code (HUC) basin-boundary layer that was 
dissolved to an 8-digit HUC, as the national Watershed Boundary Dataset (WBD) was 
unavailable at that time. StreamStats incorporates point, line, and polygon layers to 
enable a variety of hydrologic analyses. Indexing, or referencing, of the points of interest 
to users (such as the streamgages, dams, water-supply withdrawals, and wastewater 
discharges) to the NHD framework is necessary to make these features available for use 
within StreamStats. Kentucky StreamStats currently includes 648 USGS streamgages and 
several hundred Kentucky Pollutant Discharge Elimination System (KPDES) sites. 
 
In summary, the basic StreamStats functionality will include (1) drainage basin 
delineation at a user-selected stream site, (2) measurement of basin characteristics for the 
available GIS data layers including the drainage area, (3) presentation of published values 
of the selected low and mean-flow statistics for streamgages, (4) estimation of the 
selected flow statistics at ungaged stream sites by use of the published regression 
equations, (5) the options to use the “similar-gages” process to prorate and interpolate 
flow statistics near gages, as well as providing improved weighted estimates that combine 
regression estimates with the statistics at nearby streamgages, (6) reports generated 
detailing the streamgage information and the computed basin characteristics and 
streamflow statistics at user-selected ungaged stream sites, (7) the option to print or save 
data in a file, as well as export the delineated basin as a shape file, and (8) network-
navigation and trace tools that allow a user to search upstream and downstream from any 
stream site to identify sites of interest that have been “indexed” to the NHD and loaded to 
the StreamStats database. 
 
Some StreamStats functionality, including drainage-basin delineation, regression 
estimates for ungaged sites, streamgage information, and stream reach address 
determinations, is available as a Web service, which allows other Web sites or desktop 
GIS applications to access this functionality.  Planned future enhancements of Kentucky 
StreamStats include implementation of additional streamflow statistics and the capability 
to assess water budgets considering upstream water withdrawals and discharges. 
StreamStats is accessible at the following address: http://water.usgs.gov/osw/streamstats/ 
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KENTUCKY DIVISION OF WATER’S RISK COMMUNICATION TOOLBOX 
Annemarie Cason and Kristen Dunaway 
Kentucky Division of Water 
200 Fair Oaks Lane, Fourth Floor 
Frankfort, Kentucky 40601 
502.564.3410 
annemarie.cason@ky.gov, kristen.dunaway@urs.com 
 
The Kentucky Division of Water (KDOW), a Cooperating Technical Partner (CTP) with 
the Federal Emergency Management Agency (FEMA), is increasingly using social media 
to reach the public regarding the risks associated with natural disasters, including 
flooding. KDOW is the state coordinating agency for the National Flood Insurance 
Program (NFIP) and the Risk Mapping, Assessment and Planning (MAP) program. In 
this role, KDOW assists local communities with floodplain management in an effort to 
reduce the risks from flooding including permitting requirements for floodplain 
construction, the development and implementation of floodplain ordinances, education 
and outreach efforts, and managing engineering studies and flood hazard mapping for 
Kentucky watersheds.  KDOW developed a Risk Communication Toolbox which 
incorporates social media platforms such as Facebook, Twitter, and YouTube to share 
information regarding flood warnings, FEMA programs, and floodplain management 
techniques.  The purpose of this presentation is to provide an overview of the tools and 
successes and challenges with the use and implementation of social media and the 
toolbox. 
The toolbox contains a series of learning modules shared on YouTube.  The topics for 
these modules include the following: Risk MAP Products, Letters of Map Change 
(LOMC), Community Rating System (CRS), Watershed-based Risk Analysis, NFIP, 
Provisionally Accredited Levee (PAL) Process, Flood Studies, Floodplain Management, 
Coordinated Needs Management Strategy (CNMS) Overview, Levee Engineering, Light 
Detection and Ranging (LIDAR) Uses, Hydrology and Hydraulics for Non-engineers, 
Dams, Floodproofing, and Uses of the Flood Risk Geodatabase. 
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WATER QUALITY STUDIES IN THE KENTUCKY COALFIELDS: 
THE TREND STATION PROGRAM 
 
Richard J. Wahrer, Ph.D. 
Environmental Scientist/Office of the Commissioner 
Kentucky Department for Natural Resources 
# 2 Hudson Hollow, Frankfort, KY 40601 
Richard.wahrer@ky.gov 
 
The Kentucky Department for Natural Resources (DNR) is revising its approach to their 
Cumulative Hydrologic Impact Assessments (CHIA), a required decision document 
gauging the effects of a proposed mining operation on the hydrologic balance of the 
specified watershed.   
 
One important aspect of this CHIA revision is a change in the scale at which impacts are 
viewed, from river basins or sub-basins to watershed-scale impacts. To evaluate 
watershed impacts, it is necessary to review data from past (bond-released), present, and 
anticipated coal mining permits.  Each permit application contains baseline surface and 
ground water data, during-mining water quality results and continued monitoring through 
bond release.  Unfortunately, most of the past 35 years of data exists only on paper; to 
conduct trend and modeling analyses, an electronic format is required. 
 
Cumulative hydrologic impacts are the aggregate effects on hydrologic parameter values 
at a particular location in the hydrologic system, caused by existing and anticipated 
mining and other activities related to residential development, roads, agricultural, logging 
and oil and gas well operations.   The trend station, located at the mouth of selected 
HUC-12 watersheds, provides a measure of cumulative effects of these activities as well 
as multiple mining operations and allow, over time, the ability to predict parameter 
outcomes for each proposed operation in that watershed. This monitoring network will 
not only measure the cumulative effects of coal mining in the state but also provide water 
quality data to water quality agencies and coal industry stakeholders.   
 
Phase I of the trend station program measured water quality in 64 watersheds with 4 
quarters of sampling completed during 7/7/11 and 5/12/12.  Phase II, consisting of 69 
additional watersheds were sampled for three quarters beginning 7/23/12 and ending 
2/28/13.  Phase III which began in May 2013 will result in all 133 trend stations being 
sampled three times by December 2013.  Funding for Phase III will continue until 
December 2017.    Though over 350 HUC-12 watersheds are located within the Kentucky 
coalfields, the Phase III stations represent over 95% of mining activity locations in 
Kentucky. 
 
The parameters measured on-site were air and water temperatures, pH, specific 
conductivity, and stream flow. Laboratory analyses of acidity, alkalinity, hardness, total 
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iron, total manganese, sulfates, selenium and several other trace metals that may be 
associated with mining operations were conducted.   
 
Sulfates may be generated from any earth-moving activity but are generally accepted as 
evidence of mining operations.  No warm water aquatic habitat standard has been 
promulgated but a sulfate concentration of 250 mg/L is the maximum allowable in-stream 
concentration for domestic water supply sources.  It should be noted that the domestic 
water supply source standards for TDS are also 250 mg/L even though sulfate is a 
component of TDS. Buckhorn Creek and Lost Creek in Breathitt County were found to 
have average sulfate values of 844 mg/L and 665 mg/L, respectively.  Lower Balls Fork 
in Perry County recorded an average concentration of 870 mg/L sulfates.  Robinson 
Creek in Pike County reported an average sulfate level of 608 mg/L.  However, various 
trend station samples in Clay, Harlan, Johnson, Knott and Knox counties recorded sulfate 
values of 16-67 mg/L.  In the western coalfield, Muhlenberg County samples recorded 
sulfate levels of 900-2270 mg/L.  Ohio and Hopkins County reported sulfate values 
ranging from 600-900 mg/L.  The median sulfate concentration for all trend station 
samples is 162 mg/L. 
 
The highest conductivity level of 3,280 µS was reported from Muhlenberg County.  
Daviess County reported 2,340 µS.  In eastern Kentucky, a trend station in Breathitt 
County measured 2,010 µS.  The median value for all trend stations was 529 µS, a level 
unexpectedly low given all the contributions of various salts in the entire watersheds.  
Stations in Clay, Lawrence and Bell counties reported values of less than 100 µS.  
 
Total dissolved solids (TDS) basically mimic or parallel the same trend (and locations) as 
conductivity.  The median value for all trend stations for TDS is 333 mg/L.   
 
During Phase II and Phase III, no exceedences of in-stream standards of selenium (5.0 
µg/L or greater) have been recorded. The Phase II station with the highest selenium (3.64 
µg/L) is found in Perry County.  The Pigeonroost Fork watershed in Martin County 
recorded 3.60 µg/l selenium.  From a total of  862 trend station samples now taken, only 
3 exceedences have occurred (Phase I):  7.83 µg/L, 5.13 µg/L and 5.09 µg/L, all in Pike 
County. 
 
Future investigations include sampling a few watersheds that consistently show high 
levels of TDS, sulfates or other constituents of concern and to identify the sub-watershed 
areas that reflect the problem.  Since there is wide variation in levels of TDS, sulfates, 
conductivity and selenium even within a county, the trend station results may assist in 
identifying coal seam complexes that generate constituents of concern. 
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WATER QUALITY STUDIES IN THE KENTUCKY COALFIELDS: 
A CLOSER LOOK AT PIGEONROOST FORK, MARTIN COUNTY, KY 
 
Richard J. Wahrer, Ph.D. 
Environmental Scientist/Office of the Commissioner 
Kentucky Department for Natural Resources 
# 2 Hudson Hollow, Frankfort, KY 40601 
Richard.wahrer@ky.gov 
 
The Pigeonroost Fork watershed in Martin County, not only contains several active coal 
mining operations and many (bond) released permits but also unmined areas in the 
headwaters, a relatively rare occurrence in the eastern Kentucky coalfield.  This HUC-12 
watershed encompasses 25.03 square miles (16,019.94 acres) and is relatively sparsely 
populated with 61 residences. Pigeonroost Fork is approximately 7.3 miles long, draining 
seven main tributaries. One tributary in the headwaters is Hobbs Fork, designated by 
Division of Water (DOW) as an Outstanding State Resource Water (OSRW). The 
presence of federally-listed threatened/endangered species has not been identified in this 
watershed.  Extensive mining has occurred in the northwest quadrant of this watershed 
with active mining operations and bond-released (fully reclaimed) minesites covering 
79.1% of the watershed acreage.  Coal beds within the watershed include the Richardson, 
Broas, Peach Orchard, Stockton and Coalburg seams. At this time, no coal removal is 
occurring and all operations have been idled.  Additionally, 186 oil and gas wells are 
present within the watershed.  
 
From April 2012 to August, 2013, monthly water samples were collected upstream and 
downstream of tributaries associated with active mining operations to characterize the 
chemistry of mine discharge water and to determine the cumulative effects in water 
quality from several operations by sampling at the mouth of the watershed.  Similarly, 
samples from unmined areas were collected to provide a baseline reference to gauge 
possible mining impacts. The constituents of concern can then be tracked from the mouth 
of the watershed (trend station) to its possible source. 
 
This project subsequently led to a more detailed study of the effect of a hollowfill, over 
time, on the quality of the water being discharged from the underdrain of that fill, into the 
receiving tributary.  Discharges from several fills in this watershed, varying in age from 
10-30 years were sampled for pH, conductivity, total dissolved solids, total iron, total 
manganese, sulfates, selenium and other trace metals. To supplement these samples, 
discharge monitoring report data from the associated sediment ponds of the selected fills 
were harvested from the DNR database as well as surface water monitoring data from 
permit files from 1973 to the present.  Additionally, geologic data from the nearest core 
holes to the selected fills were collected to investigate if the potential acidity and/or 
neutralization potential of the strata and the chemistry of the coal seam correlated with 
the water quality of the fill discharge.  To locate many of these older fills, LiDAR 
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technology was utilized as an extensive tree canopy and mature vegetation characterized 
the fully reclaimed mining areas.   
 
Preliminary findings:   
 
Total manganese and total iron concentrations tend to reflect a cumulative effect in the 
Pigeonroost watershed.  Values of these analytes are often lower in the mined tributaries 
than at the trend station at the mouth of the watershed.  However, no in-stream standard 
has been exceeded. 
 
A benthic macro-invertebrate/fish survey was conducted on a mined tributary and an un-
mined (OSRW) tributary with the results shown in the table below: 
 
 Un-mined (OSRW) trib.  Mined trib. 
Taxa richness 33 31 
EPT Taxa Richness 19 16 
mHBI 2.7 3.0 
% EPT 90.9 79 
% Ephemeroptera 63.1 28.8 
Total No. Individuals 252 219 
MBI Score 85 excellent 72.6 good 
Fish Taxa 7 14 
KIBI Score 25 poor 45 fair 
Habitat Assessment 157 fair 147 fair 
 
Results from sampling at the toe of 8 hollowfills showed wide variation in the 
concentrations of the chemical constituents with selected parameters in the table below.  
It should be noted that the newer fills discharged less selenium than the older fills.  Older 
fills discharged less total iron and total manganese than the newer fills. 
Age of fill Conductivity µS TDS mg/L Sulfates mg/L Selenium µg/L 
10 yrs (1 fill) 801-925  504-578 210-264  0.6-0.89  
12-24 yrs.(6 fills) 1,680-3,340 716-2,780 404-1,750  1.04-15.2  
33 yrs. (1 fill) 2,770-2,950 2,100-2,310 1,170-1,320  4.2-4.3  
 
Still under investigation:  The historical data from discharge monitoring reports and 
surface water monitoring points will be compared to the sampling points in the current 
study to better understand the trend of water quality from the hollowfill, through the 
sediment pond, to the tributary, to the main stem and to the mouth of the watershed.  
Statistical analyses will include how analytes are correlated (or not) and which analytes 
may predict or characterize the water quality health of the watershed. 
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WATER QUALITY MONITORING OF THE MCCONNELL SPRINGS 
STORMWATER QUALITY WETLAND POND AND GAINESWAY POND 
RETROFIT PROJECT, 2010-2013 
 
David J. Price, Ph.D. and Susan L. Plueger, P.E. 
Lexington-Fayette County Government, Division of Water Quality 
301 Lisle Industrial Avenue, Lexington, KY 40511 
(859) 425-2415    
dprice@lexingtonky.gov 
 
In December 2009 the Lexington-Fayette Urban County Government (LFUCG) 
completed construction of the McConnell Springs Stormwater Quality Wetland Pond, 
consisting of a pre-treatment gross debris trap, three settling forebays, a 0.2 acre deep-
pool pond, and a 0.5 acre shallow marsh/littoral shelf area. The purposes of this facility 
were to reduce non-point source pollution entering McConnell Springs and neighboring 
impaired streams Wolf Run, Town Branch, and South Elkhorn Creek; and as a public 
demonstration of the benefits that natural environments provide to water quality and 
quantity control. Four floating wetland island designs were tested in the McConnell 
Springs Wetland Pond in June, 2013 by Friends of Wolf Run volunteers in cooperation 
with both LFUCG Division of Parks and Recreation and Division of Water Quality, 
McConnell Springs Nature Center staff, and several community groups. The floating 
wetland islands provide an additional treatment system in stormwater retention ponds. 
Construction of the islands was funded by the Kentucky American Water Environmental 
Grant Program. In Spring 2009, LFUCG remediated Gainesway Pond at Centre Parkway 
as part of the Gainesway Retention Basin Water Quality and Environmental Education 
Project. The goal of this project was to retrofit the existing Gainesway Pond to increase 
pollutant removal through addition of constructed wetlands, aquatic plantings, aeration, 
and upstream biofiltration/gross debris traps. The Gainesway project also provides the 
community with environmental educational opportunities. Both of these projects were 
funded in part through a §319(h) grant provided by the U.S. Environmental Protection 
Agency and administered by the Kentucky Division of Water.  
 To determine the on-going effectiveness of pollutant reduction by the two 
stormwater projects, LFUCG Division of Water Quality collected water samples in 2010-
2013, with emphasis on runoff samples during storm events. Five sampling sites were 
identified at McConnell Springs, sites M1-M3 were located in the pre-treatment and 
forebay cells and sites M4-M5 were located in the main pond. Five sampling sites were 
also identified for Gainesway Pond: upstream, mid-stream, wetland area, Pond A, and 
Pond B (i.e., GP1-GP5). A total of 23 sampling events were conducted at McConnell 
Springs and 18 sampling events at Gainesway Pond in 2010-2013. On-site measurements 
included: temperature, pH, ORP, dissolved oxygen (DO), conductivity, and total 
dissolved solids (TDS). Additional analysis included: alkalinity, hardness, carbonaceous 
biological oxygen demand (CBOD5), total suspended solids (TSS), total ammonia, 
nitrate, nitrite, total phosphorus, orthophosphates, and bacterial enumeration (fecal 
coliforms, E. coli, and total coliforms). Metals in water samples from McConnell Springs 
were analyzed in 2010 and 2013 and from Gainesway Pond in 2013. 
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Overall pH values at the McConnell Springs stormwater structure remained 
constant from 2010 to 2013. In general, DO concentrations increased through the system, 
with sites M4-M5 having the highest DO. Total alkalinity remained constant with values 
ranging from 55 to 78 mg/L for 2010-2013. Hardness was elevated in 2010 (343 mg/L), 
but average concentrations decreased in 2011-2013 as the system became established. 
The range for TSS was 14-24 mg/L from 2010 to 2013 with lowest values at sites M4 and 
M5, except for an increase on 8/22/13. Overall ammonia levels for 2010-2013 decreased 
at sites M4-M5. Similar reductions were found for nitrate and nitrite. Concentrations of 
total phosphorous and orthophosphate decreased through the system. Average total 
phosphorous and orthophosphate concentrations were lower in 2013. Overall reduction in 
bacterial counts were observed from 2010 to 2013. Fecal coliform geometric means for 
2010 to 2013 were 34330, 860, 350, and 570 MPN/100 mL, respectively. Whereas, 
geometric means for E. coli were 1014, 755, 590, and 487 MPN/100 mL. Of the 30 
metals tested in 2010, the concentrations of Al, Cu, Fe, Ni, S and Zn decreased through 
the stormwater facility. With the exception of sulfur, all detectable metal concentrations 
were lower in 2013. Metals not detected in 2013 included Ag, Cd, Ni, and Zn. All four 
floating wetland islands flourished during their trial period (6/25/13-10/31/13). The 
islands provided habitat to a variety of wildlife and were well received by the public. The 
limited contact time was not sufficient to determine any effects on pollutant removal, 
however, there is interest to continue this trial for a full growing season in 2014. 
At the Gainesway Pond stormwater structure the overall pH levels remained fairly 
constant. DO levels ranged from 5.74 to 7.84 mg/L, with the lowest DO levels observed 
at the wetland site (GP3), but increasing in the downstream ponds (GP4-5) in part due to 
the aeration fountain. Total alkalinity and hardness concentrations were fairly constant in 
2010-2013. Average alkalinity values ranged from 150 to 207 mg/L and average hardness 
values ranged from 150 to 265 mg/L. Average yearly TSS concentrations have been 
increasing since 2010, with values of 8, 10, 13, and 20 mg/L for 2010-2013, respectively. 
Higher TSS values in the wetland area were expected. Average ammonia concentrations 
increased slightly over time. However, decreasing levels of nitrate and nitrite were 
observed from 2010 through 2013. Total phosphorous has remained somewhat constant 
over time whereas orthophosphate concentrations have decreased. In general, bacterial 
counts were generally highest at upstream sites and decreasing in the ponds. A reduction 
in fecal coliform counts was observed in 2013 as compared to 2010. However, E. coli 
counts increased in 2013, with geometric means of 763, 589, 500, and 1000 MPN/100 
mL for 2010, 2011, 2012, and 2013, respectively. Metals not detected in 2013 included 
Ag, Cd, and Zn. Concentrations for Fe, Mg, Mn, Ni, K, and S were highest at GP3. 
Based on four year monitoring data, the structures are performing as expected. 
More consistent results are being obtained as the systems become established. Reductions 
of several pollutants were observed at both systems. Of interest were the reductions in 
bacterial counts over time at McConnell Springs, and reduction of metals at both projects. 
These reductions aid in decreasing urban stormwater impacts on neighboring streams. 
Although no significant reductions could be attributed to the floating wetland islands, 
further studies will be conducted in 2014. LFUCG will continue to monitor water quality 
regularly with close monitoring of ammonia, total phosphorous and bacterial counts 
which can have detrimental impacts to the facilities and receiving waters. 
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WATER QUALITY MONITORING OF MCCONNELL SPRINGS,  
LEXINGTON, KY 
 
David J. Price, Ph.D. 
Lexington-Fayette County Government, Division of Water Quality 
301 Lisle Industrial Avenue, Lexington, KY 40511 
(859) 425-2415    
dprice@lexingtonky.gov 
 
Since the completion of the McConnell Springs Stormwater Quality Wetland 
Pond by the Lexington-Fayette Urban County Government (LFUCG) in 2009, the system 
has been monitored by the LFUCG Division of Water Quality to determine the 
effectiveness of pollutant reduction. While on site, additional water quality monitoring 
was performed on McConnell Springs itself. McConnell Springs is located in northwest 
Lexington, KY. The spring system consists of the Blue Hole, where water emerges from 
an underground channel and flows for approximately 38 m (125 ft.) then disappears 
underground; the Boils, at this point water emerges again as an artesian spring and flows 
for approximately 152 m (500 ft.); the Final Sink, the point where water disappears 
underground again. The water reappears at Preston's Cave and flows into Wolf Run 
Creek, which empties into the Town Branch of Elkhorn Creek. Water quality monitoring 
included the Blue Hole, water at a small cave opening, the Boils, and the Final Sink. A 
total of 15 sampling events were conducted by the LFUCG Division of Water Quality at 
McConnell Springs in 2011-2013. On-site measurements included: temperature, pH, 
ORP, dissolved oxygen (DO), conductivity, and total dissolved solids (TDS). Additional 
analysis included: alkalinity, hardness, carbonaceous biological oxygen demand 
(CBOD5), total suspended solids (TSS), total ammonia, nitrate, nitrite, total phosphorus, 
orthophosphates, and bacterial enumeration (fecal coliforms, E. coli, and total coliforms). 
Metals in water samples from McConnell Springs were analyzed in 2013 and included: 
Ag, Al, As, Cd, Cr, Cu, Fe, Pb, Mg, Mn, Ni, P, K, S, and Zn. 
Overall pH values at McConnell Springs remained consistent from 2011 to 2013. 
DO concentrations remained low, with the Blue Hole having the lowest DO and the Final 
Sink with the highest DO. Average DO concentrations were 4.49, 4.62, and 3.90 mg/L 
for 2011-2013. Conductivity was fairly constant, although higher levels were observed in 
2013. TDS, total alkalinity, and total hardness remained constant during the monitoring 
period. TSS levels were fairly low throughout McConnell Springs. Although TSS 
concentrations were higher in 2012, the levels were not significantly different than the 
other two years. Overall ammonia levels for 2011-2013 were similar. Nitrate 
concentrations were highest in 2011 (6.45 mg/L), but decreased in 2013 (2.51 mg/L). 
Decreasing nitrite concentrations were also observed in 2013. Both total phosphorous and 
orthophosphate concentrations were fairly constant throughout McConnell Springs and 
over time. Of the 15 metals tested in 2013, Ag, Cd, Cu, Pb, and Zn were not detected at 
any of the sites on McConnell Springs. Low levels of Ni were detected  at all sites, with 
the Blue Hole having the highest concentration (0.0023 mg/L). Additional metal testing 
will be conducted in 2014. 
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Fecal coliforms and E. coli were detected in McConnell Springs during the 
monitoring period. In 2011, Dr. Gail Brion (UK-ERTL) reported contamination by fecal 
material in McConnell Springs. Dr. Brion proposed that the cold underground flow may 
retard fecal aging and that the cold, dark conditions repressed indigenous bacterial 
growth while enhancing introduced coliforms, thus indicating that the source is not local 
and may be some distance from the collection site. Fecal coliform geometric means for 
2011 to 2013 were 492, 406, and 1035 MPN/100 mL, respectively. Whereas, geometric 
means for E. coli were 317, 375, and 756 MPN/100 mL. All bacterial enumerations 
tended to be elevated in June and October for all three years. Similar trends were 
observed in Dr. Brion’s 2010 data.  
Most of the water quality results observed were consistent with levels found in 
artesian springs. Of interest were the elevated levels of nitrates and these will be followed 
closely. Fecal contamination has been a historic problem at McConnell Springs. 
Additional source tracking is required to reduce bacterial counts. LFUCG will continue to 
monitor water quality regularly. In particular, close monitoring of ammonia, nitrates, total 
phosphorous and bacterial counts which can have detrimental impacts to McConnell 
Springs and the receiving waters of Wolf Run Creek and Elkhorn Creek will be 
continued. 
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IMPROVING KARST SINKHOLE MAPPING IN KENTUCKY USING LiDAR  
 
Junfeng Zhu, Timothy P. Taylor, James C. Currens 
Kentucky Geological Survey 
University of Kentucky  
504 Rose Street, 228 MMRB  
Lexington, KY 40506-0107 
(859) 323-0530 
junfeng.zhu@uky.edu  
 
Detailed mapping of karst sinkholes provides data needed to better understand 
karst hydrogeological processes and helps mitigate hazards in karst areas. Existing 
sinkhole map coverage for Kentucky is based on low-resolution topographic maps 
created more than 50 years ago. LiDAR (Light Detection and Ranging) is a new remote-
sensing technique that rapidly and accurately measures topographic features on earth 
surface in high-resolution. To test the feasibility of LiDAR in mapping sinkholes, the 
Kentucky Geological Survey developed a LiDAR sinkhole-mapping method and applied 
the method to portions of Floyds Fork watershed in central Kentucky.  The method 
extracts surficial depressions from LiDAR data and identifies naturally-occurring karst 
sinkholes from the extracted depressions. A total of 1681 sinkholes were identified in the 
study area, compared to 381 previously mapped for the same area.  Field-checking of 121 
randomly-selected sinkholes confirmed 106 of them were natural karst sinkholes. The 
success rate of field-checked sinkholes was 88%, demonstrating that the LiDAR 
sinkhole-mapping method is reliable and efficient.  KGS is extending this project to 
Bullitt, Fayette, Jefferson, and Oldham Counties with a goal to provide a high-resolution 
sinkhole map for Kentucky’s karst areas using LiDAR data. 
                                                                      18
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“DIVIDING RIDGES” IN LIGHT OF LiDAR: A CLOSER LOOK AT SOME OF 
KENTUCKY’S WATERSHED BOUNDARIES  
Demetrio P. Zourarakis1  
 
1 Ph.D., Remote Sensing/GIS Analyst - Kentucky Division of Geographic Information 
 
Commonwealth Office of Technology 
100 Fair Oaks Ln.  
Frankfort, KY 40601 
502-564-6246 
demetrio.zourarakis@ky.gov 
 
From the hydrologic standpoint, a watershed is an area representing surface water 
drainage to a point. Hydrographically, watersheds are represented in a geographic 
information system (GIS) by topologically and hierarchically connected boundaries; 
these hydrologic units (HU) are available for Kentucky from the Watershed Boundary 
Dataset (WBD) and the National Hydrography Dataset (NHD) (USGS, 2014; Kentucky 
Geoportal, 2014).  In general, the native data used for delineation of the boundaries are 
the contour lines from topographic quadrangle maps, originated at a scale of 1:24,000. 
 
In Kentucky, some existing boundaries between counties and between the 
Commonwealth and some of the adjoining states are expected – at least in principle to be 
associated with watershed boundaries. The creation acts of several counties refer to the 
“dividing ridge” between streams – a line surveyed implicitly but nebulously defined. For 
example, the act approved in 1785 stipulating the creation of Bourbon County from 
Fayette County, states that the dividing line will include the “…dividing ridge between 
Kentucky and Licking River” (Kentucky Secretary of State, 2014a). Part of this line 
segment could represent the divide between Headwaters North Elkhorn Creek and 
Houston Creek watersheds. Another example is the boundary between Harrison and Scott 
counties (Kentucky Secretary of State, 2014b), described in the 1793 creation act: 
“thence up the main branch of said [Silas’s run] to the head thereof; thence with Scott 
county line so far as it continues on the dividing ridge;…”. This line segment represents 
the divide between the Headwaters Eagle Creek and Raven Creek watersheds. 
 
Watershed Conservancy Districts in Kentucky utilize watershed boundaries as the basis 
for taxation (Division of Conservation, 2014). The Kentucky Regulatory Statutes define a 
watershed conservancy district as the land area embraced in such districts must be 
contiguous and must lie within a well defined watershed (KRS, 1966). The Fox Creek 
Watershed Conservancy District is bound by portions of the Fleming – Lewis county line, 
which divides Headwaters Kinniconick Creek from Fox Creek watersheds.  
 
High accuracy LiDAR elevation and intensity data have been acquired by the Kentucky 
Aerial Photography and Elevation Program over the last few years, in leaf-off conditions 
(late fall/winter, early spring) for a substantial number of counties in Kentucky, 
(KYAPED, 2014). The vertical accuracy of this product supports the creation of 0.61 m 
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interval contour lines, and digital elevation models (DEM) at spatial resolutions of at 
least 1 m. This presents an opportunity for examining the cartographic accuracy of the 
different watershed boundaries and possibilities for examination and further refinement 
using geoprocessing techniques (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Watershed boundary (WBD – 12-digit HUC) and county boundary against a KYAPED 
hillshaded relief backdrop (1.5 m resolution). See text for explanation.  
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KENTUCKY HORSE PARK  
KARST WATER INSTRUMENTATION SYSTEM (KWIS) MONITORING STATION 
James C. Currensa, Brittany Sheltonb, Charles J. Taylora, Junfeng Zhua, & Stephen Webba 
aKentucky Geological Survey, bDepartment of Earth and Environmental Sciences 
University of Kentucky, 228 MMRB, Lexington, KY 40506-0107 
859-257-5500, currens@uky.edu 
 
The Karst Water Instrumentation System (KWIS) at the Kentucky Horse Park is 
in its third year of full operation. The station is atypical because the instrumentation is 
installed via drill holes into a cave that were sited without being able to enter the cave 
with radio locating equipment. The conduit was found by; 1) observing the slope of the 
potentiometric surface in the wells drilled during the search, 2) application of a 
conceptual model for high head conditions consisting of a cave flanked by anastomotic 
channels, and 3) by realizing that an anomaly measured on an early electrical resistivity 
profile had special significance when compared to the later ER profiles.  
The conduit was viewed with a down hole video camera. Doppler sonar was used 
to measure the flow velocity and estimate passage dimensions. Quantitative dye tracing 
was used to independently determine the discharge. Instantaneous velocity from a Marsh-
McBirney flow meter was used to calculate the cross-sectional area from the discharge. 
The Marsh-McBirney velocity has an unknown relationship to the mean velocity in the 
cave. Further it is a measurement at a single point. We have related the Marsh McBirney 
velocity to a data set from the Doppler sonar which we consider as having sampled the 
velocity across the entire cave cross-section. With these data we were able to adjust the 
Marsh-McBirney velocity. 
Mass flux of dissolved or suspended water quality constituents requires discharge 
data. The stage record is crudely related to the discharge but it is a blunt instrument as a 
surrogate for the continuous discharge. However, the stage recorder in well 24 has been a 
very reliable instrument and has a nearly flawless data record over the last 3 years. 
Further the Marsh-McBirney has been non-operational for a significant percentage of the 
project time. The instruments collectively are perfectly configured for calculating the 
total head but individually record only a component of the total head. Ideally a second 
KWIS site would allow the head loss to be measured and the discharge calculated.  
Stage-discharge equations were developed for the KWIS site by utilizing 
quantitative dye tracing techniques. Rhodamine WT was injected at a constant rate and 
fluorescein was injected all at once creating a spike in the concentration curve. The 
straight line distance between the injection and recover site (1,095m) was used to 
calculate the velocity of the fluorescein spike. A route thought more probable is from the 
Eclipse karst window southwest 290 meters to its confluence with the main conduit near 
Cane Run. From there the main conduit parallels Cane Run for some 800 meters west 
before turning north 180 meters to the KWIS site. The total distance along the route 
(including sinuosity) is 1,405 meters and the tributary reach is 14% of the longer path.  
The hydraulics of the tributary are thought to have a minor effect on the overall velocity 
as determined by spike injections of fluorescein. Redundant measures of dye 
concentration, flux, and duration were made during the injection. The samples and the 
grab sample from the injected tracer were returned to the laboratory where the 
concentrations were measured on a calibrated Carrie Eclipse scanning fluorometer. The 
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discharge used in the rating equation was obtained by determining the discharge from the 
quantitative trace. This discharge was divided by the Marsh McBirney velocity to yield 
cross-sectional area. The average area was calculated. The velocity as determined from 
the fluorescein spike travel time was multiplied by the average area to result in a second 
discharge value.  This value and the stage were used to derive the rating equation. A 
average discharge value was calculated from the cross-sectional area determined from the 
quantitative traces, the Doppler sonar, visual estimation of dimensions from the down 
hole video, and the spacing of bore holes at the surface. Figure 1 illustrates the discharge 
calculations for two methods at the KWIS site with the discharge at Royal Spring, for 
comparison. 
The equipment and techniques available provide multiple ways to estimate the 
discharge and a final selection of the rating equation has not been made. The mass flux 
values therefore are not ready for release but the order of magnitude is not likely to 
change. Recoverable phosphorus is measured in metric tons per year. Nitrate 
concentration (reported as NO3) and total suspended solids is in the hundreds of metric 
tons per year.  Total dissolved solids are in the thousands of metric tons per water year.  
Eleven samples for total coliform were collected during the 2012-13 water year. The 
coliform counts ranged from 31 col/100mL to 12,360 col/100mL at the KWIS site. The 
Cane Run Creek (CRCK) surface monitoring site is adjacent to the KWIS site and 
records overflow out of the springshed. Only three samples were collected at CRCK but 
they ranged from 146 to 17,890.  Sampling frequency for bacteria will be increased. 
A project report to be published by the Kentucky Geological Survey has been 
undergoing peer review and should be available before the end of this water year. A 
second KWIS site is planned for the Berea Road property and drilling may begin in 
March or April. 
 
Figure 1.  Discharge hydrographs for the methods being evaluated for use in calculating the mass flux of selected 
water quality constituents at the Kentucky State Horse Park KWIS station, Royal Spring aquifer. 
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In August 2013, the Kentucky Geological Survey sampled formation waters from the 
Hansen Aggregates No. 1, a 4,835 ft test well in Carter County. The goal was to 
characterize reservoir and fluid chemistry properties needed to assess carbon storage 
potential. Formation waters were collected by swabbing, and zone isolation was achieved 
by a cement bridge plug and inflatable packer at the base and top of the sampled interval, 
respectively. Sampled zones and depths (ground surface) included the Cambrian Copper 
Ridge Dolomite (3,695–3,945 ft) and Ordovician Rose Run Sandstone (3,257–3,318 ft) in 
the Knox Group. Water properties (specific conductance, pH, dissolved oxygen, redox 
potential) and swab volumes were used to decide when samples were collected. 
 
Formation waters were analyzed for concentrations of cations, anions, dissolved 
inorganic and organic carbon, organic acids, and dissolved gases. Stable isotope 
measurements were conducted on the water (δ18O, δD), dissolved aqueous species (δ34S-
SO4, δ
18O-SO4, δ
13C-DIC, δ13C-DOC, δ11B-B(OH)3), and dissolved gases (δ
15N-N2, δ
13C-
CH4 and C2H6, δD-CH4 and C2H6). These, along with 
87Sr/86Sr measurements, were used 
to analyze fluid evolution and hydrostratigraphy. 
 
Bulk composition analysis shows the Copper Ridge and Rose Run samples are NaCl-type 
brines with salinities equal to 146,780 and 117,727 mg/L, respectively. Acetate (10–22 
mg/L) and formate (0.9–1.3 mg/L) were the only detected organic acids, and their low 
concentration suggests they are not important contributors to alkalinity. Br/Cl ratios in 
the Copper Ridge (0.0143) and Rose Run (0.0152) samples were elevated with respect to 
seawater (0.0035) and suggest evaporation to the point of possible halite precipitation. 
Enriched δ18O and δD values for water relative to the local meteoric water line may also 
reflect evaporation, although water-rock interaction can enrich δ18O. The δ11B values for 
the Copper Ridge (20.5‰) and Rose Run (21.6‰) are depleted relative to seawater 
(40‰) and isotopic depletion could reflect water-rock interaction with marine carbonates 
(10–30‰) following boron loss to clays and/or dilution from fresh water. 
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Dissolved gases in the Copper Ridge and Rose Run are similar and respectively consist 
primarily of CH4 (75.3 and 79.5 mole%) and N2 (17.2 and 21.9 mole%). Meanwhile, the 
respective δ13C (-36.9 and -39.4‰) and δD (-160.7 and -155.6‰) measurements, along 
with the presence of ethane and propane, suggest a thermogenic origin for the 
hydrocarbon gases. The similar gas composition, boron isotopes, and 87Sr/86Sr values 
suggest that the Copper Ridge and Rose Run had similar hydrologic histories, which 
implies the absence of an effective seal between the two intervals. 
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CURRY'S FORK WATERSHED PLAN:  DATA PONDERING, ENGAGING EXPERT 
ADVICE, CLEANER WATER PLANS 
 
Beth Stuber, P.E., Oldham County Fiscal Court 
Carolyn Cromer, Watershed Coordinator 
Corrine Mulberry, Independent Watershed Advisor 
Oldham County Fiscal Court 
100 W. Jefferson St, Suite 3 
LaGrange, Kentucky  40031 
502-222-1476 
ccromer@oldhamcounty.net 
 
  
Curry’s Fork of Floyds Fork runs through the heart of Oldham County and is listed as a 1st 
priority 303(d) stream by the Kentucky Division of Water (KDOW).  In 2006, KDOW awarded 
Oldham County Fiscal Court a $1.6 million grant through the 319(h) Nonpoint Source 
Implementation program to develop and implement a comprehensive Watershed Plan (WP).  The 
plan, completed and accepted by the state in 2012, is one of the most comprehensive plans 
developed in Kentucky.  
 
The sampling and assessment program was developed to identify critical pollutants of concern 
and to target subwatersheds for protection and restoration actions.  The monitoring program  
included water sampling, physical habitat assessments, biological assessments, and fluvial 
geomorphic assessments. 
 
Assessing this myriad of data to isolate priority pollutants of concern and target subwatersheds 
for BMP implementation could not adequately be accomplished by one or two individuals.  The 
internal Watershed Plan team, comprised of the county engineer, Strand engineering consultants, 
and an independent watershed advisor, provided oversight on the development of the plan.  The 
internal team formed a Water Quality Data Analysis Team, comprised of aquatic biologists, 
engineers, watershed managers, total maximum daily load developers, nutrient specialists, and 
watershed modelers, to assess multiple data conclusions from numerous monitoring approaches.  
The efforts of the Team resulted in Priority Pathogen Protection and Restoration maps and 
detailed data summaries for the Curry's Fork Technical Committee. The Technical Committee, 
comprised of local officials and technical experts, used the water quality data summaries and 
extensive GIS data to identify pollutant sources and remediation efforts - the core of the 
Watershed Plan.   
 
Over 100 recommendations or Best Management Practices (BMPs) were identified to improve 
water quality and meet water quality standards in Curry’s Fork.  The Technical Committee then 
ranked the BMPs which were then placed into four categories:   High, Medium, Low and Other 
BMPs for Future Consideration.  Sixty-three priority BMPs were further developed and included 
in the Watershed Plan for protecting and improving water quality.  The BMPs were targeted at 
specific pollutants within specific subwatersheds. These BMPs have been the guide by which the 
watershed coordinator, the internal team, and the Technical Committee have led the effort with 
BMP implementation.   
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Collecting detailed fluvial geomorphic and sediment data and presenting the data in a way that 
was most useful for developing BMPs also enabled development of a Stream Restoration Priority 
Map and a Habitat, Riparian, and Sediment Priority Map. These maps provide a quick visual 
representation of extensive and complex fluvial geomorphic data and the resulting BMP 
recommendations for both habitat improvement and stream restoration efforts.  
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IMPROVING OVERALL STREAM FUNCTION, HYDRAULICALLY AND 
ECOLOGICALLY (OPPORTUNITY MEETS NECESSITY) 
 
Wanda Lawson and Oakes Routt 
Stantec Consulting Services Inc. 
10509 Timberwood Circle, Suite 100 
Louisville, KY 40223 
502-212-5000 
wanda.lawson@stantec.com 
oakes.routt@stantec.com 
 
 
 Working with the Kentucky Department of Fish and Wildlife Resources, Stantec 
designed the Elm Fork and Minors Creek Restoration Project to improve the ecological 
habitat in the streams while also reducing the stress and erosional forces on the systems.  
The streams were designed and constructed in a manner that provides an array of 
ecological opportunities including varying velocities and depths, various substrates and 
vegetation, and strong groundwater interaction.  The project, located on the Kleber WMA 
property in Owen County Kentucky, incorporates Priority I and II design techniques and 
includes various riffle forms, various native substrates, deep pool habitat, groundwater 
dams, and oxbow wetlands/depression areas.  Prior to construction, the stream reaches 
were overwhelmed with high shear stresses due to steep flow gradients and/or reduced 
floodplain access. The combination of mature trees along the streams and the cost of 
earthwork lead the design toward performing most of the restoration work within the 
existing channel, which also took advantage of existing habitat features and deeper pools 
throughout the site.  Deeper pools augmented with a few groundwater dams provide 
sustained deep water habitat through the dryer months while also aiding in maintaining 
reasonable water temperatures through groundwater interaction.  The different riffle 
forms constructed throughout the project provide various habitat features for macro-
invertebrates while also supporting lower gradient profiles and creating permanent pool 
depths between them.  The riffles and pools were designed to improve the hydraulic 
function of the streams while also improving the ecological condition and diversity of the 
streams.  The network of pools allows spring water and surface flow to slowly move 
through the system and interact with the groundwater hydrology.  Root wads and other 
woody debris generated from accessing the streams were put back into the site through 
in-stream structures to provide natural habitat features and varied substrates in the 
channel. The rock used in the constructed riffles was native material harvested from on 
site or mined on an adjacent property. The result is a functioning system of various riffle 
and pool features that support and enhance the stream both ecologically and 
hydraulically. 
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About the Speakers:  Wanda Lawson P.E. is a Stream Restoration Designer and Project 
Manager with Stantec who has been working on stream restoration projects for over 10 
years across the United States.  Mrs. Lawson holds a Bachelors of Engineering degree 
from the University of Kentucky. Oakes Routt P.E. is a Stream Restoration Construction 
Manager with Stantec who has been working on stream restoration projects the last 6 
years across the United States.  Mr. Routt holds Bachelors and Masters of Engineering 
degrees from the University of Kentucky.   
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IMPROVING URBAN STREAM WATER QUALITY THROUGH STREAM 
RESTORATION AT MONTESSORI MIDDLE SCHOOL OF KENTUCKY (MMSK), 
PRE-RESTORATION WATER QUALITY AND BANK EROSION MONITORING 
 
 
Eric Dawalt, P.E. 
EcoGro/Ridgewater 
P.O. Box 22273 
Lexington, KY 40522 
(859) 806-1089 
edawaltrw@gmail.com 
Dr. Arthur Parola, P.E. 
Stream Institute, University of Louisville 
J.B. Speed School of Engineering 
Louisville, KY  40292 
(502) 852-6276 
arthur.parola@louisville.edu
 
Improving stream water quality and restoring physical stream stability and habitat 
have been shown to increase aquatic life and stream health.   Improving stream stability 
and habitat is a product of most stream restoration projects.  There are also several 
measures that can be installed at the outlet of impervious areas to treat or filter out non-
point source pollutants.  However, the question still remaining is:  How do you “clean 
up” polluted water from an urban watershed once it is already in the stream? 
 
The headwater stream on MMSK property in Fayette County, a tributary to South 
Elkhorn Creek, is a typical urban watershed stream in the Bluegrass Region in Central 
Kentucky.  It has many of the issues and ailments of urban waterways in this area 
including anthropogenic alterations such as channel straightening and dredging, channel 
erosion and upstream migrating headcuts, draining of adjacent wetlands, sewer/utility 
lines, non-point source pollution from urban runoff, and limited riparian forest buffer.  
 
MMSK received a Class B Infrastructure Stormwater Quality Projects Incentive 
Grant from the Lexington Fayette Urban County Government (LFUCG) to restore 
approximately 900 feet of degraded stream on their property.   The grant is funded by the 
LFUCG Water Quality Management Fee and is administered by the LFUCG Division of 
Water Quality.   
 
The project gathered a year’s worth of pre-restoration water quality and bank 
erosion data to establish existing non-point source pollution levels.  This presentation 
highlights the results of the initial monitoring phase of the project. 
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IMPROVING URBAN STREAM WATER QUALITY THROUGH STREAM 
RESTORATION AT MONTESSORI MIDDLE SCHOOL OF KENTUCKY (MMSK), 
DESIGN AND CONSTRUCTION OF THE RESTORATION PROJECT 
 
 
Eric Dawalt, P.E. 
EcoGro/Ridgewater 
P.O. Box 22273 
Lexington, KY 40522 
(859) 806-1089 
edawaltrw@gmail.com 
Dr. Arthur Parola, P.E. 
Stream Institute, University of Louisville 
J.B. Speed School of Engineering 
Louisville, KY  40292 
(502) 852-6276 
arthur.parola@louisville.edu
 
Improving stream water quality and restoring physical stream stability and habitat 
have been shown to increase aquatic life and stream health.   Improving stream stability 
and habitat is a product of most stream restoration projects.  There are also several 
measures that can be installed at the outlet of impervious areas to treat or filter out non-
point source pollutants.  However, the question still remaining is:  How do you “clean 
up” polluted water from an urban watershed once it is already in the stream? 
 
The headwater stream on MMSK property in Fayette County, a tributary to South 
Elkhorn Creek, is a typical urban watershed stream in the Bluegrass Region in Central 
Kentucky.  It has many of the issues and ailments of urban waterways in this area 
including anthropogenic alterations such as channel straightening and dredging, channel 
erosion and upstream migrating headcuts, draining of adjacent wetlands, sewer/utility 
lines, non-point source pollution from urban runoff, and limited riparian forest buffer.  
 
MMSK received a Class B Infrastructure Stormwater Quality Projects Incentive 
Grant from the Lexington Fayette Urban County Government (LFUCG) to restore 
approximately 900 feet of degraded stream on their property.   The grant is funded by the 
LFUCG Water Quality Management Fee and is administered by the LFUCG Division of 
Water Quality.   
 
The project gathered a year’s worth of pre-restoration water quality and bank 
erosion data to establish existing non-point source pollution levels.  Those data were then 
used to design a restoration project to reduce pollution.  In addition to the improved 
stream habitat from the addition of riffles and pools, the stream was designed to be stable 
(i.e. not significantly erode) in the 100 year flood. This presentation highlights innovative 
techniques, such as hyporheic aquifers, constructed wetlands, and floodplain access 
during small flows, used to improve stream water quality as part of stream restoration in 
an urban watershed. 
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DEVELOPING POST-INCIDENT RISK COMMUNICATION GUIDELINES FOR 
INTENTIONAL WATER CONTAMINATION EVENTS 
 
Chike Anyaegbunam, Ph.D., Professor 
Charles B. Madinger, D.Min., Research Assistant 
Pamela Cupp, Research, Ph.D., Associate Professor 
Shari R. Veil, Ph.D., Associate Professor 
Timothy L. Sellnow, Ph.D., Professor 
College of Communication and Information 
University of Kentucky 
Lexington, KY 40506 
Phone: 859-257-8133 
Email: pam.cupp@uky.edu 
Anna Goodman Hoover, Ph.D., Research Assistant Professor 
College of Public Health 
University of Kentucky 
111 Washington Ave., Room 204C 
Lexington, KY 40536 
Tele: 859-218-0343 
Email: Anna.Hoover@uky.edu 
 
This panel will discuss emerging findings from a US EPA-funded research project 
intended to improve risk communication for post-incident decontamination and clearance 
activities associated with intentional contamination of a water system. The session will 
center around Phase II of the study, which focuses on extending the Phase I case study 
findings that were presented at last year’s KWRRI Symposium, to identify ways in which 
disparate stakeholder groups in metropolitan areas differentially perceive risk and 
subsequent risk communication efforts. The session will be broken into four presentations 
of 15-20 minutes, as follows: 
  
1) Study Overview. This segment will focus on research questions, study design, and 
research team composition. The benefits of the mixed-methods approach will be 
discussed.  
  
2) Community-Based Participatory Communication. The second segment will provide 
an introduction to Community-Based Participatory Communication (CBPC), an 
engagement methodology that supports dialogue and collaborative decision-making 
through the use of interviews, focus groups, and projective techniques with community 
members and stakeholder groups. The implementation of CBPC both as a framework for 
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study design and as a guiding ethical imperative will be discussed. Phase II process-
related challenges and solutions will be described. 
 
3) Using Case Study Findings to Inform Participatory Communication Research 
Design. The third segment will focus on the Community-Based Participatory 
Communication research design process. After providing a brief review of lessons 
learned in Phase I about established Best Practices for Risk Communication, the research 
team will describe how these findings contributed to the design of multiple test messages, 
as well as to the selection of key stakeholder groups and establishment of a project 
advisory panel. 
 
4) Stakeholder Perspectives. The final segment will discuss the use of participatory 
communication methodologies, in conjunction with lessons learned from case study 
analyses, to improve understanding of the disparate values, knowledge, beliefs, 
information, and channel preferences for specific stakeholder groups. Focus groups, 
including those targeting educators, public health and healthcare professionals, students, 
and underserved populations, were conducted across Kentucky.  Researchers will 
describe and compare emerging findings from these groups, discussing their 
contributions to the creation of stakeholder-driven Best Practices guidelines to assist US 
EPA, public health officials, and emergency responders in communicating with these key 
constituencies during the decontamination and clearance stages of an intentional water 
contamination event.  
 
The session will close with an interactive discussion with the audience regarding the 
project and potential future directions for similar applied environmental risk 
communication research. 
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WATERSHED-SCALE STABLE ISOTOPE SIMULATION OF THE FLUVIAL 
ORGANIC CARBON BUDGET USING THE ISOFLOC MODEL 
 
William Ford  
Ph.D. Candidate 
Department of Civil Engineering  
University of Kentucky  
161 O. H. Raymond Bldg.  
Lexington, KY 40506-0281 
Phone: (859) 257-3643 
Email: wiford2@uky.edu  
 
Jimmy Fox 
Associate Professor 
Department of Civil Engineering  
University of Kentucky 
161 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Ph (859) 257-8668 
Email: james.fox@uky.edu 
 
 
Constraining fluvial organic carbon source, fate, and transport in small stream 
systems is becoming increasingly important due to its role in fueling benthic foodwebs, 
promoting hypoxic conditions, and reducing uncertainty in regional to global carbon 
budgets.  While current water quality models simulate some components of the fluvial 
organic carbon budget, benthic carbon compositions have been poorly constrained.  We 
present a new numerical model formulation (ISOFLOC) to simulate the isotope fluvial 
organic carbon budget in low-gradient stream systems in which hydrologic, sediment 
transport, and biogeochemical reaction models are coupled to continuously simulate 
benthic and transported carbon composition and flux.  The major innovation of 
ISOFLOC is the incorporation of a new stable carbon isotope mass-balance with 
Rayleigh fractionation subroutines in order to constrain estimates of organic carbon 
source fate and transport.  The model formulation is applied and validated in a small, 
low-gradient stream in the Bluegrass Region of Central Kentucky.  Results of the model 
application suggest that coupling physical and biogeochemical processes in ISOFLOC 
provides a unique algal shear stress calibration that results in benthic algae sloughing 
uncertainty reduction of 60%.  Results of the fluvial organic carbon budget suggest that 
inclusion of sloughed algae quadruples previous estimates of particulate organic carbon 
transport for the system and could potentially be a driver of hypoxic conditions in 
downstream waterbodies. 
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TIME AVERAGE VELOCITY CHARACTERISTICS OF  
DECELERATING OPEN CHANNEL FLOWS 
Robert Stewart 
PhD Candidate 
Department of Civil Engineering 
University of Kentucky 
364 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (423) 914-0460 
Email: robert.stewart@uky.edu 
 
Jimmy Fox 
Associate Professor 
Department of Civil Engineering 
University of Kentucky 
354G O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: jffox@engr.uky.edu 
 
The focus of this research is the time averaged velocity and turbulence 
characteristics of hydraulically rough decelerating open channel flows. The bulk of 
research on velocity and turbulence characteristics of open channel flows is made under 
the uniform flow assumption while the bulk of natural open channel flows is non-
uniform. Decelerating conditions are a common feature of open channel flows and occur 
in riffle pool sequences, upstream of flow obstructions, and in backwater regions. The 
velocity and turbulence characteristics of open channel flows are vital to in-stream 
ecologic functioning and transport processes of engineering concern. Flow non-
uniformity is known to produce a multitude of velocity and turbulence distributions 
which have been shown to support the coexistence of different aquatic species. Flow 
velocity and turbulence characteristics are key inputs to modeling sediment erosion, 
transport, and deposition which are all critical to the design of open channels. 
The objectives of this study were threefold: (1) to present data collected in a 
backwater region  and investigate the impact of decelerating flow on Log-law parameters 
with relative submergence varying from 10 to 25, (2) to analyze the Reynolds stress and 
turbulence intensities; and (3) to compare these results to those from other researchers.  
Laboratory experiments were conducted in a hydraulically rough bed flume using 
cylindrical obstructions to create a backwater region characterized by having a 
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decelerating streamwise velocity component. Vertical profiles of velocity characteristics 
where measured using a three component acoustic Doppler velocimeter under a range of 
decelerating conditions. Shear velocity is found using the Clauser method which is found 
to agree reasonably well with that found by extrapolating the near linear portion of the 
Reynolds stress distribution to the bed. The constant of integration in the log law, beta, is 
found to decrease as flow deceleration is increased. The decreasing log law constant of 
integration as a function of flow deceleration is somewhat controversial in the reviewed 
literature where researchers have reported a weak dependence. The decreasing log law 
constant indicates an increased flow resistance due to increasing the flow obstruction. 
Analysis of the Reynolds stress shows the distribution deviates from linear as flow non- 
uniformity is increased; this is expected to arise from to the vertical velocity component. 
Work is ongoing to compare Cole’s wake parameter with literature values and to 
determine a relationship that describes the Reynolds stress distribution. The results to 
date are that prediction of streamwise velocity profiles in backwater conditions using the 
log law need to account for the increased flow resistance by varying the log law 
“constant” of integration.  
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SPATIOTEMPORAL RELEVANCE OF SOIL MOISTURE’S INTERACTION WITH 
MEASURED SOIL-TERRAIN PARAMETERS  
Carla Landrum, PhD 
P.O. Box 153  
Lexington, KY 40588-0153 
918-809-2634 
carla.landrum1@gmail.com 
 
Daehyun Kim, PhD 
Department of Geography, University of Kentucky 
Lexington, KY 40506-0027 
859-257-6057 
biogeokim@uky.edu 
 
Demetrio Zourarakis, PhD 
Division of Geographic Information 
 Commonwealth Office of Technology 
 Frankfort, KY 40601 
(502) 564-6246 
demetrio.zourarakis@ky.gov 
 
Tom Mueller, PhD 
John Deere & Company 
Mercury Building 
4140 NW 114th St 
Urbandale, IA 50263 
(515) 253-6875 
MuellerThomasG@johndeere.com 
 
 
Modeling soil moisture variation is germane to environmental remediation, watershed 
management, resource conservation, and precision agriculture.  Hydrologic parameters, 
such as terrain indices and soil properties, used to model soil moisture variation are often 
applied universally among soil moisture contents and sampling scales with little regard 
for potential relative importance in space and with time. The objective of this study was 
to determine which soil-terrain parameters influence soil moisture variation with time, 
their relative importance, and to what extent these induce a corollary effect on the 
optimal sample scale(s) to measure and model soil moisture variation.  The study was 
performed across a 40 ha Inner Bluegrass Kentucky landscape for three observation dates 
ranging in soil moisture content from Permanent Wilting Point (PWP) to nearing Field 
Capacity (FC). Variables for this study were established using high resolution geoelectric 
and LiDAR data as auxiliary measures to support sparse direct soil sampling (n = 127).  
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A Veris 3100 was used to measure shallow and deep apparent electrical conductivity (n = 
~9,500) in tandem with soil moisture sampling.  Terrain attributes were generated from 
2010 LiDAR returns (n = 402,915) collected at ≤1 m nominal pulse spacing.  Exploratory 
analysis revealed several variables best associate with soil moisture including select soil 
parameters, such as apparent EC (for all three dates), clay, sand, organic matter, cation 
exchange capacity, and terrain parameters: elevation, slope, and profile curvature.   
Two complimentary, yet different, analytical approaches were employed for each 
observation date to determine the relative importance of soil-terrain parameters 
influencing soil moisture variation with time.  The first approach uses a multivariate 
geostatistical model, called the Linear Model of Coregionalization, to modulate the 
studied hydrologic system into functional multivariate units according to the underlying 
shared spatial autocorrelation, or spatial variation, between studied soil-terrain 
parameters and soil moisture.  The second approach uses spatial regression (e.g. spatial 
eigenvector mapping in tandem with multiple linear stepwise regression) to identify 
explanatory variables in the form of soil-terrain parameters and spatial filters that 
significantly (p < 0.05) explain soil moisture variation. 
Findings from this study reveal that soil moisture’s interaction with soil-terrain 
parameters is time dependent and this dependence influences which observation scales 
are optimal to sample, monitor, and manage soil moisture variation.  The driest sampling 
date indicated that soil physicochemical attributes were most relevant and operated at 
long-range spatial scales.   When the soils approached FC, however, there was a shift in 
relative importance to terrain attributes that operated at short-range spatial scales. These 
findings challenge current conceptual models adapted from hierarchy theory that assume 
soil properties exhibit short-range spatial variation and terrain attributes exhibit long-
range spatial variation.  It is hopeful these findings will improve our conceptual 
understanding of soil hydrologic systems to help researchers develop stronger hypotheses 
and useful methodologies that lead to more accurate and precise empirical predictions 
specific to soil moisture variation.    
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TRANSPORT OF AGRICULTURAL CONTAMINANTS THROUGH A KARST SOIL 
 
Carl H. Bolster,a Chris Groves,b and Jason Polkb 
 
aFood Animal Environmental Research Unit,  
USDA-ARS, Bowling Green, KY 42104 
Phone: 270-781-2632 
E-mail: carl.bolster@ars.usda.gov 
 
bDepartment of Geography and Geology 
Western Kentucky University 
Bowling Green, KY 42101 
 
Karst landscapes are common in many agricultural regions in the US. Well-developed 
karst landscapes are characterized by shallow soils, sinkholes, sinking streams, 
underground conduits, and springs. In these landscapes surface runoff is minimal and 
most recharge enters the subsurface relatively quickly and without significant filtering of 
the water. Once in the subsurface, recharge water can enter large conduits where it can 
travel quickly over great distances with minimal filtering prior to reaching surface waters 
or becoming part of the aquifer system. In this way, these landscapes have similarities to 
tile-drained fields in that water moves through the soil quickly and is directed to surface 
or groundwaters with minimal filtering potential and reaction time in soils. As a result, 
these landscapes are susceptible to contamination from agrochemicals, including P, 
applied on the surface. We present research conducted at a well-instrumented field site in 
south-central Kentucky designed to monitor surface-subsurface hydrology to better 
understand the processes controlling flow in karst landscapes. Specifically, our focus is 
on the role of the epikarst – the soil-rock interface that provides a storage component – on 
the flow of water and movement of agrochemicals. We also present results from tracer 
injections into a sinking stream to evaluate the potential attenuation of P in underground 
karst streams. 
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RESULTS OF THE STATEWIDE GROUNDWATER PATHOGEN STUDY 
 
Susan L. Mallette, PG  
Kentucky Division of Water 
200 Fair Oaks Lane, Frankfort, KY  40601 
(502) 564-3410 
susan.mallette@ky.gov  
 
The Kentucky Division of Water (KDOW) conducted a statewide study of pathogens in 
groundwater as part of a nonpoint source assessment funded in part by the Clean Water 
Act Section 319(h). The goal of the study was to determine if domestic water sources in 
Kentucky, which are not regulated by the Safe Drinking Water Act (SDWA), are sources 
of safe drinking water to the segment of the population whose drinking water is not 
supplied by public water systems, and to inform private water owners of the condition of 
their water with respect to bacteria.  Since the SDWA does not regulate private drinking 
water sources, this project was an opportunity for KDOW to evaluate whether 
Kentucky’s private domestic water source users are being exposed to pathogens in their 
drinking water.  It was also a chance for interested groundwater users to obtain water 
quality data on their well and/or spring water.  
Two hundred and ten domestic water wells and springs were sampled throughout the 
state, with priority on those used as drinking water sources. Samples were analyzed for 
total coliform, E. coli, Iron Related, Sulfate Reducing, and Slime-Forming bacteria (using 
BART© kits), caffeine and the caffeine byproduct1,7-Dimethylxanthine.  Although many 
factors can influence the presence of bacteria in water wells, in most cases it appeared to 
be the construction and maintenance of the water source that had the strongest influence.  
Further, it was anticipated that positive E. coli results, coupled with positive caffeine 
results, would indicate direct impacts to groundwater from human waste disposal 
activities; six wells had detections of both parameters, but the sources of each is not yet 
determined.    
A secondary goal of this study was outreach and education to citizens that are using 
private groundwater sources as drinking water supplies.  All participants were informed 
about the importance of routine water well maintenance. Copies of KDOW’s Water Well 
Owner’s Guide and generic Groundwater Protection Plans were handed out at each site. 
Participants also received the results of the samples collected from their wells/springs 
along with a letter of explanation regarding the quality of their drinking water.   
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CHANGES IN NUTRIENTS AND E. coli DURING TWO STORM EVENTS IN 
HINKSTON CREEK, KY 
 
Tiffany L. Hunter 
Brian C. Reeder 
Institute for Regional Analysis and Public Policy 
School of Public Affairs 
Morehead State University, Morehead, KY 40351 
(606) 783-2945 
b.reeder@moreheadstate.edu 
 
During storm events, rapid changes can occur in stream water nutrient loading. 
Hinkston Creek, KY, water quality has been analyzed for the past five years; this 
information was used to implement a number of best management practices (BMPs). 
Global warming is increasing storm intensity. More intense rainfall events (heavier 
rainfall over shorter periods of time) results in rapid increases in surface runoff and 
channel discharge; which can greatly change total pollutant loads. Accordingly, we 
examined short-term changes in nutrients and E. coli during two storm events during 
November and December of 2013. Water samples were taken at intervals (roughly every 
four hours) over the course of a few days. We took field measurements of pH, 
conductivity, dissolved oxygen (DO), and temperature. Water samples were brought back 
to the lab and immediately analyzed for E. coli, total suspended solids (TSS), nitrate 
(NO3-N), soluble reactive phosphate (SRP), ammonia (NH4-N), iron, sulfate (SO4), total 
N (TN), and total P (TP). Sediment and sediment associated pollutants increased to a 
maximum just before peak discharge. These constituents remained at concentrations far 
above their base flow concentrations throughout the storms. Some dissolved constituents 
(alkalinity, and conductivity) decreased dramatically during the storms. Nitrate did not 
necessarily follow this trend for dissolved nutrients. During the most intense storm, 
nitrate concentrations increased from 700 mg m-3 before the storm (discharge = 400 cfs) 
to >3,000 mg m-3 at peak discharge (about 2,500 cfs). E. coli contamination was about 
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100 cfu 100 ml-1 at the lowest discharge (7 cfs), which increased to over 50,000 cfu 100 
ml-1 at the beginning of the storm events. E. coli was consistently well over 1,000 cfu 100 
ml-1 during the storm. A couple of large storms may contribute significantly to annual 
nutrient loading from Hinkston Creek. Storm-event studies are vital to determining how 
regional nutrient loading contributes to Gulf of Mexico anoxia. Management techniques 
that reduce the speed of surface run-off during storms will become more important as 
rainfall events increase in intensity.   
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ENGAGING PARTNERS IN THE CANE RUN WATERSHED 
 
 
Carol Hanley 
Carmen Agouridis 
Amanda Gumbert 
Kelly Taylor 
College of Agriculture, Food and Environment 
University of Kentucky 
859-257-3785, 257-1993 
chanley@uky.edu 
 
 
The Cane Run Watershed (CRW) project management team, composed of the University 
of Kentucky, College of Agriculture, Environmental and Natural Resources Initiative, 
and the Department of Biosystems and Agricultural Engineering staff, is involved in an 
innovative, comprehensive program that engages K-12 students and teachers and citizens 
within the watershed and is designed to increase understanding of water quality issues 
and promote urban stream restoration. The two goals of the project, one for each major 
audience, include the following: 
 
Goal 1: Engage K-12 and community partners in an urban watershed, the Cane Run 
Watershed, in an innovative education project to improve water quality in the watershed 
 
Goal 2: Engage all citizens within the watershed in the urban-stream restoration project 
 
The K-12 portion of the program involves the formation of partnerships between 
community groups and three schools to develop a geographic education tool – a map of 
Cane Run Environment & Watershed. The map uses a GIS platform and is accessible 
from a College of Agriculture, Food and Environment web site.   
 
At last year’s symposium, the leadership team presented general features of the program 
and reviewed progress.  At the 2014 symposium, the team will present progress on both 
goals, including results of the 2012-13 pre-/post-test analyses, samples of student art 
work and updates of the map.  Upcoming plans for community involvement also will be 
presented.  Teachers and students involved in the program will be invited to the 
Symposium to present their findings and talk about their maps. 
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THE UNIVERSITY OF KENTUCKY  
ENVIRONMENTAL RESEARCH AND TRAINING LAB 
IS AVAILABLE FOR YOUR USE 
 
Tricia Coakley 
University of Kentucky, ERTL 
161 Raymond Building, Lexington, KY 40506-0281 
859-257-6757 
tricia.coakley@uky.edu 
 
The Environmental Research and Training Lab (ERTL) is a shared use core facility at the 
University of Kentucky offering a wide array of scientific instrumentation and methods to 
faculty, students, businesses, government organizations and non-profit organizations to 
generate the scientific data needed to achieve their research goals.  We provide access to 
state of the art analytical equipment and customized project specific training in organic 
chemistry, inorganic chemistry, microbiology, and molecular biology methods.  
 
Some of the instruments available for your use at ERTL are: 
 ICP-OES, Graphite Furnace AA, and Direct Mercury Analyzer for metals 
 Ion Chromatograph for nutrients and anions 
 GC, GC-MS, HPLC, and LC-MS/MS for analysis of organic compounds 
 Real Time PCR for gene expression assays or the quantitative analysis of DNA or 
RNA 
 IDEXX system for the analysis of E.coli and total coliforms in water 
 
What you will gain from conducting your research at ERTL: 
 Expertise in experimental design and method development 
 Well maintained scientific instrumentation covering a broad array of research 
areas 
 A non-restrictive and supportive research environment 
 Networking opportunities between academic researchers at UK, other state 
institutions, and industrial partners. 
 
Researchers from many fields find a welcoming interdisciplinary environment at ERTL.  
Contact us to find out how we can support your research. http://ertl.uky.edu 
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GRADING A WATERSHED? 
 
 
Patrick Creager 
2893 Mahala Lane 
Lexington, KY 40509 
(859) 797-6032 
patrick_creager@mymail.eku.edu 
 
 
In an effort to raise awareness of water quality issues and encourage citizens to be active 
in watershed protection, Kentucky River Watershed Watch (KRWW) has trained and 
organized volunteer monitors for more than 15 years. The challenge to organizations like 
KRWW is how to communicate the results over both time and space in a meaningful and 
easily understandable way to citizens who just want to know “is something wrong with 
my stream,” and “can I help fix it?” This project attempts to first assign a letter grade 
ranging from A to F based on the water quality parameters collected by Kentucky River 
Watershed Watch;  and then use a series of easy to interpret maps to communicate these 
“grades” to the public. Each parameter is given a grade  based on either the regulated 
standard or proposed limits (when there is not a standard). All of the “grades” for a site 
are then aggregated into a composite grade for each site. The grades are then mapped 
using ArcGIS software and converted into KML format viewable using Google Maps to 
help viewers to see where the overall problems in the watershed exist at a quick glance; 
and also to view the specific parameters of a given site or set of sites to determine reasons 
for poor scores.  Challenges in assigning individual site scores as well as creating simple 
but easily interpretable maps will be discussed. The overall goal is to assist citizen water 
monitoring organizations communicate data more easily and effectively with their 
volunteers. 
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PERMEABILITY HETEROGENEITY AND ITS EFFECTS 
 ON HYPORHEIC ZONE EXCHANGE 
  
Timothy Pryshlak and Audrey H. Sawyer 
University of Kentucky Department of Earth and Environmental Sciences 
Slone Building, Lexington, Kentucky, 40506 
716-783-1668 
timothy.pryshlak@uky.edu  
 
 Permeability heterogeneity significantly influences surface water-groundwater 
exchange (hyporheic exchange), specifically hyporheic zone extent, exchange rates and 
water residence times.  Hyporheic exchange is an important process that delivers 
nutrients and solutes needed for time-sensitive chemical reactions to benthic organisms 
and also controls the fate of contaminants in streambed sediment and watersheds.  
 
 Numerical experiments were used to test the role of strongly varying permeability 
fields (sand-clay units or karst) in controlling hyporheic exchange.  We first use a 
Markov chain approach to simulate three-dimensional (3-D) permeability fields with 
different ratios of sand and clay and spatial correlation (figure 1).  We then include these 
realizations in fluid flow simulations in an idealized river reach to quantify hyporheic 
zone extent, fluxes and residence times with differing hydraulic conductivities.  Our 
ultimate goal is to relate sand-clay ratios and connectivity of sand units to residence time 
distributions.  
 
 Preliminary two-dimensional simulations show the strong influence of high-
permeability sand bodies and their connectivity (figure 2).  Areas of high permeability 
promote mixing in the hyporheic zone and high permeable sand creates nested flow fields 
where low permeable clay layers surround it (figure 2).  Furthermore, Clay lenses divert 
flow around them into adjacent sand bodies, where groundwater flows and mixes with 
ease.  Therefore the positioning of these clay lenses greatly affects the hyporheic zone 
and exchange. 
  
 Here, we present initial results from our base case simulation, which shows that 
sand body geometry has a large impact on exchange.  Permeability structure is difficult to 
measure in streambeds.  Improving understanding of the uncertainty that permeability 
heterogeneity imparts in solute transport will increase our knowledge of surface water-
groundwater interactions.  Furthermore, the impact of permeability heterogeneity on 
residence times is very important due to kinetics control of redox-sensitive riparian 
biogeochemical processes and contaminant degradation.  Multi-dimensional computer 
models can clarify how subsurface heterogeneity impacts solute transport in rivers and 
their hyporheic zones. Work will include sensitivity analyses to determine uncertainty in 
exchange behavior and residence times for solute and contaminant transport due to 
permeability heterogeneity. Our results are broadly applicable to any strongly 
heterogeneous system, for instance the karst environments that are so abundant in 
Kentucky.   
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(a)  (b)  
 
Fig.	1.			3-D geostatistical realization of heterogeneous medium composed of sand and clay: sand-clay ratio is 3:1 in (a) and 1:3 in 
(b).  Realizations were created using a spatial Markov chain approach in the transitional probability software, T-PROGS. Transport in 
these bimodal permeability fields may also improve our understanding of transport in karst conduit-matrix systems.	
	
	
	
	
	
	
	
 
Fig. 2.  Preliminary 2-D simulation of hyporheic flow in heterogeneous sediment.  The top boundary represents the sediment-water 
interface of the streambed. A prescribed sinusoidal head along the top boundary imitates flow over bedforms (flow in the stream is 
right to left). Left, right, and bottom boundaries are no flow boundaries. Connectivity of permeable sand bodies strongly controls flow 
patterns (black streamlines and white arrows). 
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EFFECTS OF ATRAZINE ON THE CHEMICAL ALARM CUE RESPONSE IN 
LONGEAR SUNFISH (LEPOMIS MEGALOTTIS) 
 
Ben M. Adams and Ben F. Brammell 
Natural Sciences Department 
Asbury University 
Wilmore, KY 40390 
814-790-8155 
benjamin.adams@asbury.edu;  ben.brammell@asbury.edu 
 
The chemical alarm cue response is a phenomenon in fish whereby prey species 
exhibit antipredator behavior and predatory species exhibit increased foraging behavior 
when exposed to fish skin extract.  Atrazine is the most widely used herbicide in the 
United States and one of the most common contaminants found in the ground and surface 
waters of the U.S.  The present study examines the impact of atrazine on chemical alarm 
cue response in longear sunfish (Lempomis megalottis). Fish were collected and 
acclimated in the laboratory.  Fish movement was quantified for 5 minutes prior to and 
after extract exposure in the presence and absence of atrazine at concentrations of 17, 33, 
and 50 mg/L.  Sunfish exhibited less movement following exposure to extract in the 
control trials but not in any atrazine trials.  This change in behavior following atrazine 
exposure appears to represent impairment of this predator avoidance mechanism by a 
widely used herbicide. 
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NEW FEATURES AVAILABLE ON THE KENTUCKY 
GROUNDWATER DATA REPOSITORY 
 
 
Bart Davidson, Douglas C. Curl, and Charles J. Taylor 
Kentucky Geological Survey 
228 Mining and Mineral Resources Building 
University of Kentucky 
Lexington, KY 40506-0107 
859-323-0524 
bdavidson@uky.edu; doug@uky.edu; charles.taylor@uky.edu 
 
 
Recent improvements have been made to enhance the information available on the 
Kentucky Groundwater Data Repository. Two of these are the addition of scanned 
drillers’ logs generated through the Kentucky Division of Water’s Well Drillers 
Certification Program and the ability to display locations of available groundwater data 
on highly detailed digital geologic base maps. 
 
Kentucky law requires that every water-supply or monitoring well in the state be installed 
by a certified well driller (401 KAR 6:320). Upon completion of each well, certified dril-
lers must submit a detailed log to the Division of Water containing information about the 
well’s location, intended use, depth, and construction. Each driller’s log also provides a 
description of the geologic strata penetrated by the well borehole and, ideally, identifies 
water-bearing zones and provides limited information about ambient groundwater quali-
ty. Since 1985, most, but not all, of the information written on submitted drillers’ logs has 
been manually compiled into electronic data files by the Division of Water and uploaded 
to the Data Repository by the Kentucky Geological Survey. More recently, drillers have 
had the option of submitting logs electronically. In July 2013, nearly 300,000 scanned 
digital images of original drillers’ logs and associated documents were provided by the 
Division of Water to the Survey, and were processed and placed online in October. One 
major benefit of this capability is that all information visible on the original drillers’ logs, 
including hand-written notes or drawings, can now be reviewed and used as desired, in-
cluding descriptions of geologic strata and depths of encountered water-bearing zones. 
 
Kentucky is one of only two states in the nation with complete digital geologic map 
coverage at a scale of 1:24,000. Users of the Data Repository are now able to 
interactively access high-resolution geologic base maps for displaying the locations of 
well construction, spring, and groundwater-quality data retrieved from the Data 
Repository. Clicking on any geologic unit on the search results map will bring up detailed 
geologic information on the selected unit. Also available is an option to view the original 
U.S. Geological Survey 7.5-minute geologic quadrangle map lithologic descriptions for 
the unit. This feature allows access to detailed geologic data from anywhere in the state. 
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The addition of drillers’ logs and digital geologic base maps to the Data Repository 
has already proven beneficial, both to the general public and to drillers themselves, in 
searching for new groundwater supplies. To access the Data Repository, go to 
www.uky.edu/kgs and click on “data,” then on “groundwater.” 
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REMOVAL OF PERSISTENT ORGANIC POLLUTANTS FROM CONTAMINATED 
WATER SOURCES UTILIZING POLYPHENOL-FUNCTIONALIZED MAGNETIC 
NANOCOMPOSITE MICROPARTICLES  
 
Bradley Newsome, Angela Gutierrez, Bernhard Hennig, Thomas Dziubla, J. Zach Hilt 
900 S. Limestone Street, Superfund Research Center, University of Kentucky,  
Lexington, KY 40536 
Tel.: 859-218-1343 
Email: bradley.newsome@uky.edu 
 
Magnetic nanocomposite microparticles (MNMs) were produced using iron oxide 
nanoparticles incorporated into a polyphenolic-based polymer matrix with high affinity 
for organic pollutants. This platform allows for the specific binding of chlorinated 
organics from contaminated drinking water sources, the rapid magnetic separation of 
bound organics, and the thermal destabilization of the polymer matrix for contaminant 
release and material regeneration. This platform is of special interest for addressing both 
contamination at U.S. Superfund sites as well as in developing nations where levels of 
chlorinated organic pollutants are increasing at an alarming rate in conjunction with 
increasing industrialization. Quercetin multiacrylate (QMA) and curcumin diacrylate 
(CDA), acrylated forms of these widely used nutrient polyphenols, with known affinity 
for chlorinated organics, were crosslinked with polyethylene glycol (PEG) diacrylate 
using a free radical polymerization in the presence of magnetic iron nanoparticles, and 
the magnetic nanocomposite was subsequently cryomilled to form the MNMs. Particles 
were characterized using transmission electron microscopy (TEM), dynamic light 
scattering (DLS), Fourier transform infrared spectroscopy (FTIR), and thermal 
gravimetric analysis (TGA). Pollutant binding studies were performed using model 
chlorinated organic pollutants, polychlorinated biphenyls (PCBs, specifically PCB 126), 
to determine binding affinity and capacity, as well as optimal binding kinetics, and this 
was quantified using LC-MS/MS. It was demonstrated that the MNMs effectively bound 
PCBs with the addition of QMA or CDA resulting in a near two-fold or four-fold 
increase in affinity, respectively. An alternating magnetic field (AMF) was used to heat 
and destabilize the binding in the polymer matrix leading to PCB release from the 
particles, and the percentage of uptake and release were determined. Repeated PCB 
binding/release was performed to determine MNM stability and reusability. This work 
provides a rapid, non-toxic platform for pollutant removal from contaminated water 
sources both near Superfund sites throughout the U.S. and in developing nations. 
(Supported in part by grants from NIEHS, NIH (P42ES007380) and UK AES) 
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DYNAMIC SURFACE WATER-GROUNDWATER INTERACTIONS IN A TIDALLY 
INFLUENCED RIVER (CHRISTINA RIVER BASIN CRITICAL ZONE 
OBSERVATORY, DELAWARE, USA) 
 
Cole Musial 
University of Kentucky 
Department of Earth and Environmental Sciences 
Slone Research Building 
Lexington KY, 40506 
440-623-9696 
 cole.musial@uky.edu 
 
Tides drive dynamic river-groundwater exchange in coastal rivers. Surface water 
infiltrates bank storage zones on the rising tide, and groundwater returns to the channel 
on the falling tide. The timing of maximum groundwater discharge with respect to river 
discharge can impact export of nutrients and contaminants from watersheds to oceans. 
Periods of high bank storage and nutrient uptake may be coupled to low stream 
discharge, creating periods of rapid nitrate removal. Since tides extend for tens of 
kilometers inland from the coast, tidal surface water-groundwater exchange may increase 
nitrogen uptake in coastal rivers.  
We investigated the effect of tidal fluctuations on surface water-groundwater in 
White Clay Creek, located in the Cristina River Basin (Delaware, USA), one of six NSF-
funded critical zone observatories.  Rates of surface water-groundwater exchange across 
the banks were estimated by monitoring water table fluctuations in shallow wells in the 
riparian aquifer. River discharge and velocity were recorded with an acoustic doppler 
current profiler. Water samples were also collected from both the groundwater and 
surface water over one tidal period and analyzed for nitrate and chloride.   
Preliminary results show that at low tide, groundwater recharges the stream. At 
high tide, the hydraulic gradient reverses and river water recharges the aquifer (Figure 1). 
The tidal bank storage effect may influence nutrient cycling and contaminant attenuation. 
Nitrate is elevated in groundwater relative to surface water. Bank storage can increase 
residence times and thus the extent of nitrate uptake in groundwater. Future studies will 
characterize how nutrient cycling is influenced in the riparian zone of White Clay Creek. 
A better understanding of surface water-groundwater exchange and nutrient cycling in 
tidally influenced rivers can inform management decisions for coastal watersheds. For 
example, the Kentucky River is part of the Mississippi River watershed. Nitrogen uptake 
in tidally influenced portions of the Mississippi River watershed may reduce nitrogen 
loads from inner states like Kentucky to the coast. 
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Figure 1: 
 
Figure 1: Tidal variations in stream stage cause reversals in groundwater flow across banks. These flow reversals 
provides opportunity for nitrate attenuation within the banks. The timing of surface water-groundwater exchange with 
regard to downstream transport may play an important role in controlling nitrogen fluxes to coasts. 
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SEDIMENT-WATER PHOSHORUS INTERACTIONS IN MINOR CLARK FISH 
HATCHERY POND SEDIMENTS  
 
Sarah R. Brewer 
Brian C. Reeder 
Department of Biology and Chemistry  
and  
Institute for Regional Analysis and Public Policy  
Morehead State University, Morehead, KY 40351 
(606) 783-2945 
b.reeder@moreheadstate.edu 
 
The Minor E. Clark Fish Hatchery near Cave Run Lake is operated by the Kentucky 
Department of Fish and Wildlife Resources.  This state fish hatchery is one of the largest 
warm-water fish hatcheries in the nation.  The interaction between hatchery pond 
sediments and overlying pond water has implications for fisheries management. Hatchery 
ponds are generally fertilized with organic and inorganic fertilizer to increase plankton 
growth. Despite this fertilization, Minor Clark Fish Hatchery pond sediments may 
provide additional nutrients to the water column. Extractable P concentrations in five 
ponds decreased from 36 mg/kg to 14 mg/kg between 2008 and 2013. If Minor Clark 
earthen pond sediments are a source of nutrients when rearing fish, it has management 
implications for hatchery ponds constructed and restored using plastic liners. Soil P 
isopleths from 2008 suggested sediments released about 5 µg P/g sediment/d. These 
sediment isopleths were obtained using solution soluble reactive P (SRP) concentrations 
normally found in pond water during fish rearing (<70 µg/L).  Subsequent comparisons 
of pond primary production, and fish growth and survival, suggests that plastic-lined 
ponds are more fertile and productive than earthen ponds. We took sediment samples 
from six 1-acre and eight 0.1-acre ponds to determine their initial sediment nutrient 
concentrations and textural composition. We then assessed the interaction between 
sediments and available P with isotherms at higher concentration than used in our 2008 
analysis. One-gram of sediment was mixed with 25-ml of solution containing Cave Run 
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Lake water spiked with SRP to final concentrations of 8 (no addition), 96, 160, and 1,500 
µg-P/L. The slurry was mixed in 50-ml round-bottomed centrifuge tubes with an under-
over spinner, at the rate of about 6 rpm, for 24 hours. Sediments incubated with non-
supplemented Cave Run Lake water (8 µg/L concentration) released P to the solution at 
an average rate of 0.5 µg P/g/d. We found P was adsorbed by sediments at all other 
concentrations; with the highest adsorption occurring with the highest loading (1,500 µg-
P/L adsorbed an average of 36 µg P/g/d). These results suggest that pond sediments may 
not be as important to hatchery pond plankton growth as previously suspected.   
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THE ROCHESTER VALLEY CHANNEL SANDSTONE AQUIFER: A POTENTIAL 
SOURCE OF GROUNDWATER IN THE WESTERN KENTUCKY COAL FIELD 
 
 
E. Glynn Beck 
Kentucky Geological Survey 
1401 Corporate Court 
Henderson, KY 42420 
270-827-3414 ext. 23 
ebeck@uky.edu 
 
 
 
Increased water demands, recent drought, and the costs of using surface water 
have caused municipalities, industries, and agricultural producers located in the Western 
Kentucky Coal Field region to assess the possibility of using groundwater as their 
primary or supplemental water source. This change in thinking is significant because 
available data indicates that most bedrock aquifers in the region cannot yield the volume 
of water required to sustain even low-capacity municipal or industrial wells. However, 
some Pennsylvanian channel sandstone units, such as the Rochester valley aquifer (in the 
base of the Caseyville Formation), may be productive sources of groundwater. As 
mapped by Davis and others (1974), the Rochester aquifer underlies an area of more than 
250 mi2 in portions of four counties (Muhlenberg, Ohio, Butler, and Edmonson) and 
ranges in depth from less than 100 to more than 900 ft below ground surface. Unlike 
other deep, confined, channel sandstone aquifers, such as the Greenville valley aquifer, 
the Rochester aquifer is believed to have a recharge zone near Reedyville, Kentucky. 
Recharge to the aquifer would increase long-term sustainability of the aquifer and 
improve its potential as a reliable source of water over time. However, our present 
understanding of the hydrogeologic properties of the Rochester valley aquifer, and its 
potential as a source of groundwater to higher-yield water supply wells is severely 
limited by lack of quantitative data. Water-level data needed to map the water-table or 
potentiometric surface elevation, and hydraulic data such as transmissivity and storage 
coefficients, are not available for the Rochester valley aquifer. Groundwater-quality data 
are available for only two water wells known to be drilled into the aquifer. A more 
comprehensive hydrogeological investigation of the Rochester aquifer would be 
beneficial to assess its potential as a reliable source of groundwater for high-yield water 
supply wells. 
 
 
 
 
Davis, R.W, Plebuch, R.O., and Whitman, H.M., 1974, Hydrology and geology of deep  
sandstone aquifers of Pennsylvanian age in part of the Western Coal Field 
Region, Kentucky: Kentucky Geological Survey, ser. 10, Report of Investigations 
15, 26 p. 
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PARTIAL DESALINATION AND SELENIUM REDUCTION  
FOR ENERGY APPLICATIONS 
 
Minghui Gui, Andrew Colburn, Dr. DB Bhattacharyya 
177 FPAT Bldg 
859-257-2794 
andrewcolburn@hotmail.com; minghuigui@uky.edu 
 
 
Water intensive processes in the energy industry such as wet flue gas desulfurization 
and hydraulic fracturing are becoming more prevalent. Partial desalination and selenium 
reduction utilizing membranes offer a low energy treatment method in which process 
water can be recycled without the danger of accumulation of unwanted TDS and Se in the 
system. Reduced water consumption and waste disposal costs allow for affordable and 
regulation-compliant operation in the energy industry. 
 
Nanofiltration (NF) membranes offer a solution for reducing dissolved solids in 
process water. Often, drinking quality water is not required for industrial processes. 
Charged NF membranes allow for high rejection of divalent ions (Ca2+) while allowing 
monovalent ions (Na+) to permeate through. As charged NF membranes allow certain 
ions to permeate through, they are able to achieve a high flux with much less pressure 
than reverse osmosis membranes. NF membranes are available commercially (Dow NF-
270 is a common example). Two Sepro NF membranes, one positively charged and one 
negatively charged have been tested extensively. Large-scale results were obtained for 
both membranes using 6.4 ft2 spiral wound membrane modules. 
 
 Both positive and negative membranes have been shown to effectively reject divalent 
ions. Flue gas desulfurization water with a TDS concentration of 11,000 ppm (3000 ppm 
Ca2+, 700 ppm Mg2+, 75 ppm Na+, 5873 Cl-, 1124 SO42-)  from a power plant was tested 
in this experiment. Utilizing ICP-OES it was determined that the positively charged 
membrane rejected 83.8% Ca2+, 93% Mg2+, 5% Na+, and 77.1% of overall TDS while 
maintaining a water flux of 32.2 LMH at an operating pressure of 13.45 bar. It was 
determined that the negatively charged membrane rejected 97.2% Ca2+, 98.6% Mg2+, 21% 
Na+ and 92.7% of overall TDS while maintaining a water flux of 33.2 LMH. The 
operating temperature was held at 25 °C. The TDS rejection is lower than the Ca2+ and 
Mg2+ rejections because monovalent ions were able to pass through NF membranes. 
Total ion charge was balanced between feed and permeate (counter-ions are also rejected). 
Overall, both NF membranes show great promise in rejecting divalent cations and anions 
from process water (water softening/Ca2+ removal), while allowing a higher water 
permeability than RO membranes. 
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While Selenium (Se) is an essential element in human and animal nutrition, it can be 
hazardous at larger concentrations. In recent years, the control of Se release to the 
environment from mining, manufacturing wastewater and agriculture drainage has 
attracted more attention. The EPA has decreased the MCLG of Se to 50 ppb. The 
development of nanomaterials allows us to make highly reactive catalysts such as 
iron/iron oxide nanoparticles (NPs) for Se remediation in water. By incorporating those 
particles into the polymer (such as polyacrylic acid, PAA) functionalized polyvinylene 
fluoride (PVDF) membrane pores, the particle agglomeration and leaching was 
eliminated. With only deionized (DI) water, the batch reaction between iron and selenate 
completed fast, and maintained high reactivity for five cycles. Selenate concentration 
decreased to as low as 5 µg/L (ppb). Depending on the iron loading, selenate could be 
removed within a short residence (contact) time (e.g. 91.4% conversion in 6 s with 4 mg 
of iron immobilized in an area of 13.2 cm2) when passing through the membrane 
(convective flow). 
 
The dissolved salt in water did affect the reactivity of iron. The anions like chloride 
and sulfate will be adsorbed on the iron surface, competing with selenate. To eliminate 
the interference of salts, the scrubber water sample was first passed through the 
nanofiltration (NF) module, and the permeate (with less salt) used as the feed to iron 
functionalized membranes. The NF module removed more than 90% of selenate. Selenate 
could be further reduced to ppb level (below 5 µg/L) with 77% conversion on average by 
iron functionalized membranes. X-ray photoelectron spectroscopy (XPS) shows that 
selenate was mainly reduced to selenium (Se0) with some adsorbed on the iron surface 
(iron oxide shell). The successful loading of iron NPs (0.65 g) in the membrane module 
(5 ft2 PVDF) indicates the potential application of this membrane platform for large-scale 
selenium removal. 
 
The TDS rejection aspects of this research are funded by Southern Company of 
Birmingham, AL. Funding for the Fe functionalized membrane research was provided by 
NIEHS-SRP We acknowledge the significant contributions of Sepro Membrane Inc. of 
Oceanside, CA towards the joint development of full-scale PVDF functionalized 
membranes. 
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USE OF PERACETIC ACID (PAA) AS A DISINFECTANT 
FOR WASTEWATER AND WASTEWATER OVERFLOWS: 
AN EVALUATION OF PAA SUPPLIER PERFORMANCE 
 
Elizabeth Coyle  
Coyle & Associates, Inc. 
502-548-3410 
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 Lindell Ormsbee 
Kentucky Water Resources Research Institute 
859-257-1299 
lindell.ormsbee@uky.edu 
 
 
There are at least three manufacturers in the United States that offer either 12% or 15% 
solutions of Peracetic Acid appropriate for the disinfection of wastewater and wastewater 
overflows.  Each manufacturer claims that their product offers superior performance which 
would result in proprietary disinfection designs and require the sole source supply of Peracetic 
Acid, giving the user little flexibility to choose between competing products.  A study has been 
conducted at the University of Kentucky to determine the accuracy of this claim.  The results  
indicate that the performance of these products is equal allowing users to determine the 
required dosage concentration of Peracetic Acid and the system design as opposed to the 
supplier making these determinations. This gives the user independence regarding their designs 
and the selection of which product they use in their disinfection systems. 
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WATER DISTRIBUTION SYSTEM MODELS FOR SMALL WATER UTILITIES 
 
Lindell Ormsbee and Ben Albritton  
Kentucky Water Resources Research Institute 
233 Mining and Minerals Resources Building 
University of Kentucky 
Lexington, KY 40506-0107 
859-257-1299 
lindell.ormsbee@uky.edu; benalbritton@yahoo.com 
 
Srini Lingireddy, KYPIPE 
513-258-0469 
srini@kypipe.com 
 
 
Mathematical models of water distribution systems have been shown to be very useful in 
the management and operation of water distribution systems.  However, many small 
water utilities do not have the personnel or fiscal resources to build and maintain water 
distribution models for their systems.  Working with a commercial partner (KYPIPE), the 
Kentucky Water Resources Research Institute has developed three different computer 
models specifically designed to address the needs of small water utilities.  These models 
include 1) a graphical flow model, 2) a sensor placement model, and 3) a pipe 
break/contamination isolation model.  Each model has been developed for use with the 
Kentucky Infrastructure Authority online GIS database to facilitate construction of these 
models for any system in Kentucky.  Further, the models can be downloaded for free, for 
systems less than 1000 pipes at http://kypipe.com/decon 
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FLOYDS FORK WATERSHED STAKEHOLDER ENGAGEMENT PROJECT 
 
Lindell Ormsbee, Ben Albritton, Jim Kipp, Christie Oliver 
Kentucky Water Resources Research Institute 
233 Mining and Mineral Resources Building 
University of Kentucky 
Lexington, KY 
859-257-1299 
lindell.ormsbee@uky.edu 
 
 
The Floyds Fork drainage lies within the Outer Bluegrass physiographic region in 
Jefferson, Oldham, Henry, Shelby, and Spencer Counties, and enters the Knobs 
Subsection of the Bluegrass in Bullitt County.  Floyds Fork drains an area of 284 square 
miles, flowing a length of 62 miles.  It begins in Henry Country near Smithfield, flows 
through eastern Jefferson County and into the Salt River near Shepherdsville. 
In 2011, the Kentucky Water Resources Research Institute was asked by the Kentucky 
Division of Water to work with stakeholders in the Floyds Fork Watershed to identify 
concerns and preferences with regard to nutrient management BMPs for the watershed.  
In response, the KWRRI developed and implemented a five step engagement 
methodology that involved 1) stakeholder identification, 2) initial interviews, 3) focus 
group meetings, 4) public information meetings, and 5) public scoring meetings.  
Ultimately, 20 separate BMPs were identified and then scored as part of the process.  
This poster will summarize the challenges associated with the process and provide a 
summary of the results.   
Additional information related to the Floyds Fork Stakeholder Engagement Project can 
be found at:   
http://www.uky.edu/WaterResources/FF/ 
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NUTRIENT LOAD ESTIMATION USING NSPECT MODEL  
FOR SALT CREEK, INDIANA 
 
V.Chandramouli, Mohammed Karim, Kathleen Menozzi 
Mechanical Engineering Department, Purdue University Calumet 
Hammond, Indiana 46323; cviswana@purduecal.edu 
 
Water quality is impacted severely during rainy days through non point source pollution. 
Non point source pollution is very difficult to handle, but can be controlled by best 
management practices. To plan such best management practices, watershed level water 
quality estimation is necessary. In this study, a NOAA tool called NSPECT Model was 
used to generate a raster database for Salt Creek located in northwest Indiana. NSPECT 
stands for Nonpoint Source Pollution and Erosion Comparison Tool. This tool is an add-
on to ARC GIS software. The recent version of this software is available with MAP 
WINDOW platform which is public domain software. This user friendly tool is used for 
estimating nutrient loads from Salt Creek. 
 
Salt Creek watershed located in Northwest Indiana’s historic Indiana Dunes region is 
considered for this study. This creek drains part of Porter County to the Little Calumet 
River East Arm, which in turn drains to Lake Michigan through Burns Ditch. This 
watershed includes urban pockets such as Valparaiso and Hobart. Save the Dunes agency 
implements several watershed management best practices in this region. This 24 mile 
long creek drains 77.46 square miles (Fig 1).  
Trial Creek
Little Calumet East Arm 
Deep River
Salt Creek
Lake Michigan
N
Figure 1. Salt Creek Watershed Location in Northwest Indiana
Region
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Spatial data were used for developing the nutrient load estimation. Both vector and raster 
datasets were required for this purpose. Digital Elevation Model (DEM), Precipitation 
Raster file for the considered month, soil characteristics (hydrology group), and landuse 
details were used as input datasets. The NSPECT model uses a coefficient based 
approach to derive the loads emerging from different locations and estimates the flow 
volume and the nutrient load for the entire watershed. This algorithm uses an SCS curve 
number approach to estimate the runoff volume (N-SPECT Technical Guide 2004). The 
NSPECT model works well with the MAPWINDOW platform with which preliminary 
geoprocessing steps were done in this study. All the input files are downloadable from 
different agencies and they were geoprocessed initially using ARC GIS or 
MAPWINDOW. This tool also facilitates user comparison of changes in loading pattern 
due to changes in landuse. Calibration of the nutrient load was done using historic 
observations. 
 
Figure 2. Nutrient Load Estimated using NSPECT Model 
 
Acknowledgement: Authors thank Indiana DNR Coastal Grant support for conducting 
this study.   Reference: NOAA Publication, 2004, Nonpoint Source Pollution and 
Erosion Comparison Tool Technical Guide, Version1.0, November 2004. 
 
77 
 
ANALYZING PRECIPITATION BASED CLIMATE INDICES FOR MICHIGAN 
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Precipitation based climate indices are used to study the changing behaviors in 
precipitation patterns in the past (Chandramouli et al. 2012). These simple indices are 
easy to estimate and can provide regional changes in temporal and spatial domains 
(Teegavarapu et. al., 2012a). A preliminary analysis for Michigan is presented in this 
study. Six indices: 1) maximum one day precipitation, 2) maximum 5 day precipitation, 
3) number of rainy days recorded with more than 10 mm rainfall, 4) number of rainy days 
recorded with more than 20 mm rainfall, 5) number of consecutive dry days, and 6) 
number of consecutive wet days were examined using 60 years of historic rainfall 
stations. Figure 1 shows the stations considered for this analysis. Daily precipitation data 
for these stations were downloaded from the National Oceanic Atmospheric Agency 
(NOAA) site. 
 
Figure 1. Rainfall Stations considered in Michigan  
 
 
78 
 
For this analysis, Michigan was subdivided into Northeast, Northwest, Southeast, 
Southwest and Upper Peninsula regions. For each region, the daily precipitation data 
were grouped into two 30 year domains (1950 to 1980, 1981 to 2010) and the 
precipitation-based climate indices were examined for each domain in each region.  
Missing data in each region were filled in using an arithmetic average method. Each 
precipitation-based climate index was calculated using a spreadsheet and the results were 
used for geospatial database creation using ARC GIS software. Construction of raster 
maps was done using a kriging spatial interpolation algorithm in an ARC GIS platform 
for each index and the changes were examined using the raster files created. 
 
Acknowledgement: Authors acknowledge the support of Indiana Illinois Sea Grant for 
conducting this research study. 
 
References: 
V.Chandramouli, Mohammad, K., Teegavarappu, R., 2013, Examining Climate Indices 
in the Midwest Region to Examine Droughts, ASCE EWRI Congress, World 
Environmental and Water Resources Congress, 2013 held at Cincinnati, May 20-22, 
Ohio, USA. 
Teegavarapu, R.S.V, Goly, A., V.Chandramouli, Behera, P., 2012, Precipitation 
Extremes and Climate Change: Evaluation Using Descriptive WMO Indices, World 
Environmental and Water Resources Congress, 2012 held at Albuquerque, May 20-24, 
New Mexico, USA, 1927--1936. 
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TAKING RUNOFF BY STORM: STORMWATER YOUTH EDUCATION 
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 The Environmental and Natural Resource Issues Task Force, together with host 
county Extension agents through a collaboration between the Master Gardener Program 
and the Tracy Farmer Institute for Sustainability and the Environment, developed a 
workshop to help homeowners and communities implement residential best management 
practices.  During the development and implementation of these materials and 
workshops, several 4-H Youth Development (4-HYD) Extension agents expressed 
interest in presenting rain garden information to youth. As a result, lessons were created 
about rain gardens for agents to use with youth. Each lesson includes background 
information about the subject matter and hands-on activities. The lessons focus on issues 
related to water quality, soils, plants, and phenology in relation to rain gardens. In-service 
trainings, including classroom and hands-on instruction, were offered to 4-HYD agents at 
each of the four Kentucky 4-H Camp Facilities. At each in-service training, agents were 
given an opportunity to do activities from the lessons, and also install a rain garden at the 
4-H camping facility. These provided a great opportunity to get agent feedback on the 
lessons, and also establish a rain garden at each camp to be used by agents and youth at 
future programs (e.g., environmental camp, summer camp, etc.). In addition, seven 
county programs have also been implemented involving 4-HYD agents, teachers, and 
youth. At each of these programs, adult leaders and youth participated in activities from 
the lessons and took an active role in installing the gardens.  Currently, the lessons are 
still in pilot phase but will be available online when finalized. 
                                                                      80
NOTES 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
 
_____________________________________________________________ 
